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ABSTRACT 

Greenhouse and field experiments were concerned with effects of 
the new herbicide glyphosate (N-(phosphonomethyl)glycine) on quack grass 
(Agropyron repens (L.) Beauv.), and certain annual crops, together with 
crop productivity and competition with quack grass after cultivation 
or spraying and cultivation. 

Greenhouse experiments with shoot-bearing quack grass rhizomes 
indicated that rhizomes having several shoots,compared with rhizomes 
severed between the shoots, were approximately equally susceptible to 
injury from glyphosate foliage-spray. Activity of glyphosate on 
unsprayed shoots along an intact rhizome after sprays applied to an 
isolated shoot at another position on the same rhizome, indicated 
movement of the toxic chemical in both directions along the rhizome. 

In some cases an unsprayed shoot along this rhizome was by-passed 
leaving it only partially affected while killing one farther away from 
the sprayed shoot. Similarly, apparently healthy segments remained 
between dead portions in some of the excavated rhizomes of quack grass 
sprayed in the field. 

Barley,rye and oats sown into flats of soil sprayed with 2.24, 4.48, 
6.72 and 8.96 kg/ha a.e. glyphosate were not affected by the herbicide 
but rapeseed in the seedling stage and again at flowering time was 
injured to some extent by the three higher dosages and buckwheat was 
affected by the highest rate. In the field there was no evident injury 
to these crops seeded after spraying quack grass with an adequate 
dosage of 2.80 kg/ha glyphosate. 


Quack grass sprayed at the heading stage, in the field, and not 
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cultivated afterwards was very susceptible to the herbicide. Periodic 
removal of top growth indicated that maximum limitation of new shoots 
from rhizomes occurred within two days after spraying 1.68 kg/ha or 
2.80 kg/ha glyphosate. 

Cultivation before and sixteen days after spraying glyphosate 
at the 3-4 leaf stage was as effective as the treatment at heading 
Stage that had no cultivation afterwards. 

Seeded quack grass, during its seedling year, competed vigorously 
with oats, buckwheat, spring sown winter rye and rapeseed; arranged 
in order of their decreasing effect on the quack grass. 

Plots with densely established older quack grass receiving foliage 
sprays of 2.80 kg/ha glyphosate in the early spring, then cultivated 
and seeded, ten days later, after grass top growth had died, had, at 
harvest time, reductions up to 98% quack grass and increases ranging 
from 30 to 400% in crop yields compared with controls that were only 
cultivated once or twice prior to seeding. Crops arranged in order 
of their decreasing effects on quack grass were oats, buckwheat, 
rapeseed and winter rye. Crops in order of decreasing effects of 
quack grass on crop yield were oats, rapeseed, buckwheat, and rye. 

Fall seeded rye and spring seeded oats were equally productive 
and about equally effective in controlling growth of quack grass. 
Superior crop yields came from glyphosate sprayed plots. Seeding 
winter rye in the fall shortly after harvesting oats from quack grass 
plots sprayed in the spring of the same year greatly reduced multiplica- 
tion of surviving grass during the following year. Cultivation twice 


in the fall was less effective for quack grass control than a single 
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cultivation in the fall followed by a second cultivation in the next 
spring. Fall or spring spray treatments with glyphosate before spring 
cultivation and seeding, were about equally effective, and superior 

to cultivation only, for quack grass control and increased crop 


production. 
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INTRODUCTION 

Although quack grass (Agropyron repens (L.) Beauv.) is a hardy 
perennial grass which has some value for forage production and for 
soil conservation, its presence as a weed in agricultural land causes 
serious losses in crop production (Harvey 1973). Since existing 
methods for control of quack grass have important limitations, to 
which later reference is made, there has been a continuing need for 
further relevant research. The present investigation was therefore 
undertaken to study competition between various annual crops and 
quack grass in relation to yields of both the weed and the crops. 
There was concurrent emphasis on evaluation of various dosages of a 
new experimental translocated herbicide, glyphosate (N-(phosphono- 
methyl)glycine), for control of quack grass alone and in association 
with the production of crops under field conditions. Additional 
greenhouse and growth chamber experiments were also included to 
study evidence of movement of glyphosate in quack grass rhizomes 
and potential residual effects of the herbicide on early development 


of crops seeded in soil sprayed with this compound. 
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LITERATURE REVIEW 


General characteristics of Agropyron repens(L.) Beauv. 

Agropyron rerens(L.) Beauv., commonly known as quack grass, 
couch grass, or twitch grass, has been described by Palmer and Sagar 
(1963) as being a highly variable, rhizome producing, perennial grass 
Species. The plant, bluish to yellowish green in color, may have a 
prostrate or erect growth habit (Palmer and Sagar 1963) and develop 
to a height of 30.5-122 cm (1-4 feet) (Frankton 1955). The leaf 
blades, varying from 0.63-1.26 cm (%-35 inch) in width (Holmaren and 
Anderson 1971), can range from glabrous to densely hairy and the 
inflorescence, a spike, may vary from loose to compact (Palmer and 
Sagar 1963). Spikelets, about 1.26 cm (% inch) long, are sessile and 
occur alternately with the broad side against the stem (Frankton 1955). 
He describes the rhizomes as white or yellowish in color with a 
diameter of 3.2 mm (1/8 inch) and having pointed tips. According 
to Palmer and Sagar (1963) 1 to 4 primary rhizomes may develop with 
as many as 150 secondary rhizomes. Nodes, covered with scale leaves, 
are positioned along the rhizomes and may develop into buds or new 
branches. 

Quack grass, a native of Europe and present in agricultural areas 
across Canada (Frankton 1955), does not grow well in acid soils 
(Palmer and Sagar 1963) but is salt tolerant (Holmgren and Anderson 
1971) and prefers arable land in the temperate regions of the world 
(Palmer and Sagar 1963). The plant is self-sterile (Palmer 1958) and, 
according to Palmer and Sagar (1963), reproduces mainly vegetatively, 
by rhizomes, forming genetically pure stands. Palmer (1958) and 
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Sagar (1960) tested spikes from several quack grass stands and found 
that nearly 60% of the florets produced viable seed, and Williams 

and Attwood (1971) maintain that viable seed is produced in most cases. 
Palmer (1958) reasons that in an area where one clone exists, seed 
production may be low, and where several clones exist, seed production 
may be high. Williams (1971a) found that quack grass seed collected 

in England germinated within about thirty days of sowing whereas 


20% of samples from Canada remained dormant for up to three years. 


Important factors in quack grass vs. crop competition 
Shoot Competition 


Thurston and Williams (1968) state that competition occurs for 
light, nutrients and water in a weed-crop situation. Cussans (1968) 
States that the most successful crop is the one that provides the 
greatest competition for light. 

Palmer (1958) found that by reducing light intensity, on quack 
grass, to 8% of the noon day value, only a few small rhizomes developed 
and at 3% of the noon day value, no rhizomes were produced. Williams 
(1970a) shaded quack grass with a light filter allowing 46% of the 
day light intensity to pass through and found that shoot, rhizome and 
total dry weight decreased by 11, 51 and 36% respectively. He also 
simulated shading effects of a crop by placing shades over quack grass 
for the first half of the growing season and removing them for the 
remaining half season. Compared to the control for the first half 
season, the shaded plants had fewer shoots and spikes and rhizome 
production was reduced by half. With the shades removed, the quack 


grass recovered quickly and by the end of the growing season there was 
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no significant difference between treated and control plots, indicating 
the speed at which quack grass can recover during crop ripening when 
crop shading is decreased (Williams 1970a). 

Root Competition 

According to Welbank (1961a),major factors in root competition 
are,competition for water and nutrients, and the production of 
phytotoxins. 

Using a test plant, Impatiens parviflora D.C. in competition with 
quack grass, Welbank (1961a) found that competition for water was 
slightly more important than competition for nitrogen. Further 
experiments on competition between quack grass and sugar beets for 
nitrogen and potassium (Welbank 1959a) and quack grass and radish 
for nitrogen and phosphorus (Welbank 1960) could all be explained by 
effects due primarily to nitrogen supply. 

Phytotoxic materials have been extracted from quack grass by 
Kommedahl et aZ. (1959), Palmiter (1959) and Ohman and Kommedahl (1960) 
but according to Ohman and Kommedahl] (1964) no one has isolated a 
compound which could reproduce the effects of the extracts. 

Leachates from live rhizomes have been tested and proven to have no 
phytotoxic activity (Welbank 1958), but rhizomes decaying under 
anaerobic (waterlogged) conditions produced a phytotoxin (Welbank 1959b, 
1960, 1961b) which, according to Welbank (1960), could reduce rapeseed 
radicle extension by 55% compared to a 5-10% decrease caused by 
extracts after aerobic decomposition. Linscott and Harvey (1971) 

have found, in preliminary experiments, that evolution of ethylene 


from quack grass, especially the shoots, may be sufficient to cause 
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phytotoxic reactions in plants growing nearby. 
Factors favoring crop competition with quack grass 
Cultivation 

According to Hakansson (1971),a combination of the effects of 
rhizome fragmentation, rhizome burial and crop competition should be 
used to bring about good cultural control of quack grass. 

Vengris (1962), Turner (1968), and Hakansson (1971) reported that 
when cultivating quack grass, a combination of reduction of segment 
length and deep burial gave the greatest reduction in quack grass 
regrowth. Shoots regrowing from short (2.5-5 cm (1-2 inch)) segments 
buried 10-15 cm (4-6 inches) usually had insufficient food reserves to 
reach the surface (Vengris 1962 and Turner 1968). Shoots, from short 
segments that did emerge, however, were much weaker than shoots 
developing from long segments (Vengris 1962) hence able to provide very 
little competition with a healthy crop. 

Seeding date and rate 

Godel (1935) maintains that a crop should be seeded early, shallow 
and at increased rates combined with fertilization in order to smother 
weeds by producing a dense growth of crop roots and also abundant top 
growth to shade between the rows. Thurston and Williams (1968) state 
that crops sown at optimum depth may require two or three weeks to 
germinate and emerge. A paper by Cussans, reviewed by Thurston and 
Williams (1968) revealed that spring sown barley consistently emerged 
before quack grass. Within two to three weeks of seeding, 80-90% of 
the barley had emerged with only 10-40% of the quack grass appearing 


at this time. The slow development of quack grass after a pre-seeding 
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cultivation may have been caused by deep burial of rhizomes, and the 

time necessary to redevelop apical dominance (Chancellor in Thurston 

and Williams 1968). Williams (1969) found that early, medium and late 
seeding of spring wheat into a quack grass infestation reduced average 
total weights of quack grass by an average of 87, 64 and 26% respectively. 
The results of that experiment indicated that the weight of wheat was 
affected less by competition than was the weight of quack grass. 

Mann and Barnes (1947, 1949) grew barley in competition with two 
penenial rhizome producing grasses Holeus mollis (L.) and Agrostis 
gigantea (Roth.). They found that barley sown thinly into an established 
Stand of Holcus was totally eliminated whereas barley sown heavily into 
established stands of Holeus or Agrostis was only reduced by 50% and 
25% respectively. According to Mann and Barnes (1947, 1949) the 
effects of barley on Holcus or Agrostts were greater than were the 
effects of the weeds on the crop. 

Competition with quack grass by various crops 

According to Pavlychenko and Harrington (1934) common annual 
crops can be arranged in descending order of competitive ability with 
annual weeds as follows: barley, rye, wheat, oats and flax. 

Williams (1968a, 1970b) measured the growth of quack grass 
seedlings and spring wheat seedlings grown separately and found that 
in the first several weeks of growth, spring wheat, because of a larger 
seed, produced more top growth than quack grass e.g. quack grass 6.6 mg 
and wheat 70 mg. At the end of the growth period (5-6 months) the 
quack grass, once established, had dry weights comparable with those 


of wheat. Quack grass has a faster growth rate than wheat due to a 
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relatively larger leaf surface area, so according to Williams (1970b) 
would have the competitive advantage if it germinated before a crop. 
Williams (1971b) found that when quack grass seeds were sown into winter 
wheat, spring wheat, or spring barley, the resulting quack grass was 
equally suppressed by each crop. However, in plots fertilized with nitrogen, 
barley developed a larger leaf surface area and competed more successfully 
against the quack grass than did the other crops. He also tested the 
effects of barley or field beans with or without undersown ryegrass or 
clover on quack grass interseeded in the crops four days after crop 
seeding. The undersown crops increased the extent of quack grass 
suppression in both barley and beans but barley undersown with clover 
was the most effective. Barley alone, was also more effective in 
Suppressing quack grass than field beans alone (Williams 1971b). 

Cussans (1968, 1970), Barnard and Dyke (1970) and Dyke and Barnard 
(1971) found in field experiments including barley and field beans, 
that barley was also considerably more effective in competing with 
older well established quack grass than were field beans. Cussans 
(1970) planted wheat, barley and field beans into two different 
densities of quack grass e.g. low density (45 shoots per 0.83 sq m) 
(45 per yd“)) and high density (185 shoots per 0.83 sq m (185 per yd@)). 
Beans suffered losses of 43% in the low density infestation and 79% in 
the high density infestation. The cereals on the other hand, were 
unaffected by the low density population and suffered a 20% loss in 
the high density quack grass. He suggested that the crop least affected 
by quack grass was most effective in decreasing the weed's development. 


According to Cussans (1968), weights of quack grass in bean plots were 
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twice as high as quack grass in barley plots because of new rhizome 
growth induced by greater light penetration through bean foliage. There 
was almost no new quack grass rhizome growth in barley. Wheat, at anthesis, 
allowed only 10% of the visible light to reach the earth's surface 
(Thorne in Thurston and Williams 1968) and such low light intensity, 
according to Palmer (1958), is hardly sufficient for rhizome develop- 
ment. Barnard and Dyke (1970) using barley, and Dyke and Barnard (1971) 
using barley and beans undersown to ryegrass or clover found that 
undersown crops were very efficient in reducing quack grass development. 
Cussans (1972), in a two year attempt to reduce quack grass growth 
during the crop ripening stage and post harvest, planted barley under- 
sown to Italian ryegrass or red clover. He also used white mustard 

and rapeseed (Brassica campestris L. and Brassica napus L.) as over- 
sown crops. He found that barley oversown to ryegrass caused the 
greatest reduction in quack grass, but did allow some increases in 
rhizome development near the end of the experiment. A substantial 

loss in barley yield was also recorded. The oversown crops had 
considerable effect on quack grass growth with Brassica napus L. 

causing 30-40% reduction over the controls. Cussans (1972) suggests 
that because of possible crop yield loss, the benefit of underseeded 
crops in questionable. Lowe and Buchholtz (1952) were successful in 
using heavy seedings of oats or sunflowers to reduce quack grass infesta- 
tions by 60%. Corns and Gupta (1971) found that winter rye in competi- 
tion with quack grass reduced the quack grass forage weight by 92% of 
control and rhizome dry weight by 80% of control. 


The foregoing selections from literature concerning quack grass 


Sete oe ee, 
8 | . im ; 
yn masta. pial 
2tzsilone ape austin 9 snnulaaiee 226% oan 
sostwe 2'ditan oft dosor of aight aldiety oft 20 SDE ino townie © 7 
Lettanoint adgtf wot dove bne (Sa2L amet TCiW bas nodenwdT wh served)” ’ "a 
<qolavel, smoxtdy vot dnsiatttu2 yfbrse 2f ,(8eeL) “amis of gatbresos 
(191) bysnried bas advd bos ,ysived onfay (C\CL) styl bas brane deem 
dent havo? rayoTa:x0 zaciboyr of mwozvsheu anscd baa yorred gaten 
.Inowgateveb. 22619 Joeup prisubst at Indfoftts Yrev sew eqay swoetsbay 7 


diver eee3p dogup szubet of tqmatss Wssy ON? 8 AT -(S°8E) amszeud 
-‘sbou yslbd botdelg ,tzavrysd. t209g bas sget2 pninegiy gov]. oft.gahgm 
by stan 93 fiw beau ovte st ANOS hoy vo e2sipey7 sebfest of awoe 


~1ave) 26-4.) ean berenenS G05.) sicinagys nebagerya) reonn | 


ett beeuso. azeipsyy oF nyorsvo velisd taq3 brivel SH .2qomD mwoe 


nf 2azecvont smo2 wolle bib sud ,2zexe Josue nf noijovhen Jeezaawy 
(etfasgzdve A .dnemivsaxe Sid To bre oft 198 sSnamjoteyah smosieiy 

berh eqevainwoerevo off = .behyoasy ozis 26 bfaty yatted af gzof . 

vj aug poesena ddiw diwoio 2es1o sysup no tostts sldevebtends 
etasopie (S9OL) ens2eud .2fotinno sd i9vo nottqubeay 208-08 gntemap 
babssevobnu Yo titened s¢d ,2201 blety govo sfdtezog Yo seussed Sad’ 
ni [etersooue s19W (382i) x*Tordaued bns awo! .ofdsnotéseup ot 2go%2 
~atzetat veein Aoeup Ssube1 o} erswolWive wo 2t50'to sii yea goheu | 
-ttsena> nt ayy 19antw tal? bnvet (ITS!) stque bas zevod 200 qQdianete 
20. E52 Qo. tiptew sperot 2207p osu af) booubey saetp Aap AM ROEE 
-fovinos 2 708 yd inptow yb Smoatdy bee foytaee: 

2es1e Adeup OAtmieanos sauIsistt! moyt 2noitogtas pnbopsyot gat ~ 


illustrate its strong ability to survive because of both seed production 
and vigorous vegetative propagation from rhizomes. Regrowth from 
rhizomes presents the main agronomic problem with regard to established 
Stands. Results of tillage and cropping practices have shown considerable 
differences associated with variable environmental factors. Of these, 
shading by competing crops is obviously of major importance in weakening 
quack grass. In the work cited above, grasses (cereals) were more 
effective competitors than such broad leaved annuals as beans. This and 
other aspects of crop competition, however, seem to require further 
attention especially under various local conditions of soil, climate 
and farm practice. With this view the present investigation included 
certain annual cereal crops as well as broad leaved species, rapeseed 
and buckwheat. 
Physiology of Agropyron repens L. in relation to herbicidal control 
According to Palmer, in Sagar (1960) the life of rhizomes is about 
three years. The older rhizomes generally become metabolically inactive 
and the buds become dormant which leads to poor translocation activity. 
A herbicide in such a system could therefore then fail to reach the 
dormant buds in lethal quantities (Sagar 1960). He maintains that 
the breaking up of rhizomes by cultivation prior to spraying stimulates 
metabolic activity, bud and shoot development and facilitates herbicide 
translocation because of shorter rhizomes. He reasons that the best 
time to spray quack grass with herbicides is when use of metabolites. 
below ground is highest. This time follows spring quack grass develop- 
ment from stored rhizome reserves, which leads to downward translocation 
of photosynthate that supports cell division and further rhizome 


production. 
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General recommendations for control of quack grass 


The importance of quack grass as a weed problem in Alberta and 
recommended control practices involving cultivation, cropping and 
herbicides are outlined in a bulletin published by the Alberta 
Department of Agriculture (Carder 1969). The Research Appraisal 
Report of the Canada Weed Committee (Canada Weed Committee 1971, 1972) 
also summarizes current control measures considered to be most effective. 
Currently recommended herbicides have major limitations for agronomic 
use. TCA (trichloroacetic acid), dalapon and amino triazole may have 
residual phytotoxic effects in the soil for at least several months 
while sodium chlorate, monuron, atrazine and bromacil for example, 
may have residual effects lasting a year or more. They are therefore 
unsuitable for use in crop production except in special cases involving 
small patches of the weed. Another herbicide, paraquat, is effective 
for rapid top-killing of quack grass and is immediately inactivated by 
the soil but since this chemical is not translocated appreciably to 
root systems, quack grass regrowth is not prevented. 

Since all the control measures used for quack grass control in 
crop production are less consistently effective and more costly than 
is desirable, there is clearly a need for better methods to solve this 
problem. The new experimental herbicide glyphosate may provide a very 
important part of the solution with regard to control of quack grass 
and certain other troublesome weeds on crop land. 

The properties and mode of action of glyphosate 


Glyphosate, (N-(phosphonomethyl)qlycine) recently made available 


for experimental purposes, is a post emergent foliar applied herbicide 
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which, unlike paraquat, is actively translocated from shoots to under- 
ground rhizomes (Monsanto 1973). The herbicide is formulated as an 
isopropylamine salt (Monsanto 1973), monosodium salt or as the mono- 
(dimethylamine) salt (Baird and Begman 1972) and is effective for use 
on many annual, biennial and perennial broadleafed and grassy weeds 
(listed in Monsanto 1973). The treatment rates from .5 to 4.2 kg/ha 
a.e. (.45 to 3.75 1bs/A) are used with the lower rates for control of 
annuals and the higher rates for perennials (Monsanto 1973). Studies 
on translocation of glyphosate in Canada thistle (Cirsium arvense (L.) 
Scop.) (Gottrup 1974) show that this herbicide translocates from 
foliage treated plants to connected untreated plants along the roots. 
In some cases, however, some of the shoots along the same root were 
apparently by-passed by the glyphosate. 

Jaworski (1972) suggests that glyphosate "interferes with the 
biosynthesis of phenylalanine and, more specifically, with the metab- 
olism of chorismic acid in the aromatic amino acid biosynthetic 
pathway." 

Evidence from the manufacturer indicates that glyphosate is 
rapidly inactivated in the soil under field conditions. Therefore 
the promising herbicidal efficiency of glyphosate and its lack of 


toxic residues indicate potential excellent concurrent quack grass 


control and crop production. 


Quackgrass control using glyphosate 


Since glyphosate is non-selective its use in agronomic cropping 
systems involves spraying the weed before seeding or emergence of 


the crop. The present author's research commenced in 1972 and 
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represents original work in this regard. Meanwhile there have been 


widespread additional investigations including those referred to here. 


Phatak (1972b, 1973a) sprayed quack grass at the 5-6 leaf stage 
WitheO. 56% Ors) a Sl2 SC)y S68 *CPb) 5 and?2.24 (2) kg/ha (1b/A} 
glyphosate and then mowed the plots to 6.35 cm (2.5 inches) height on 
various selected dates after spraying. The control of quack grass 
mowed three days after spraying was comparable to the control of 
quack grass on plots mowed after longer spray-mow intervals (Phatak 
1973a). He indicated that 0.56 kg/ha (0.5 1b/A) was insufficient to 
provide acceptable control. The plots that were not mowed after 
spraying had the best grass control. 

Bandeen (1973a) found that the amount of control of quack grass 
by 1.12 (1), 1.68 (1.5), and 2.24 (2) kg/ha (1bs/A) glyphosate was 
nearly equal for each rate and that there was little difference in 
extent of control by leaving the spray-tillage interval longer than 
three days. Brown et aZ. (1973) after using the above rates of 
glyphosate, recorded increasing levels of control of 86%, 95% and 98% 
from the three dosages. His results indicate better quack grass 
control was realized if the spray-till interval was greater than 
seven days and that rototilling was better than plowing. Friesen 
(1972) maintains that as the spray-tillage interval increases to four 
weeks, less quack grass regrowth occurs. This may conceivably be due 
to greater combined effect of herbicide and subsequent tillage after 
some regrowth has commenced during such a prolonged period. Phatak 
(1973b) sprayed glyphosate (5-6 leaf stage) at 0.56 (0.5), 1.12 (1), 
1.68 (1.5) and 2.24 (2) kg/ha (1bs/A) on two sites having rhizome 
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densities of 186 per 0.09 sq m (186 per sq ft) 237 per 0.09 sq m 
(237 per sq ft). All of the rates controlled the quack grass in the 
low density sites but only the higher rates provided satisfactory 
control for the high density sites. 

Phatak (1972a) sprayed quack grass with 0.56 (0.5), 1.12 (1.0), 
1.68 (1.5), and 2.24 (2.0) kg/ha (1bs/A) glyphosate on quack grass in 
the 1-2, 2-3, and 5-6 leaf stage, flowering and seeding stages. 
Glyphosate controlled the quack grass at the various growth stages 
with the exception that 0.5 1b/A was not very effective at the 1-2 
and 2-3 leaf stages. Darwent (1973) supports these data to the 
extent that spring sprays of 2.24 kg/ha (2 1bs/A) or 3.36 kg/ha 
(3 1bs/A) glyphosate on quack grass in early shot blade, late shot 
blade and heading and flowering all resulted in the same amount of 
control. For fall applications of glyphosate, the best date, 
according to Bandeen and Rioux (1973c) was a mid-September treatment 
which proved better than either mid-October or mid-November treatments. 
Bandeen and Rioux (1973a,b), using rates of glyphosate from 0.85 kg/ha 
(0.75 Ibs/A) to 3.36 kg/ha (3 1bs/A) for spring or fall applications 
found that spring applications were superior to fall applications. 
Split-applications in fall and spring appeared no better than a 
single fall application. | 
Glyphosate and cropping 

Friesen (1972,1973) sprayed quack grass with 1.12 (1), 2.24 (2), 
3.36 (3) kg/ha (1bs/A) glyphosate and at subsequent one week intervals, 
cultivated and planted barley. Glyphosate, in 1973, destroyed at 


least 90% of the quack grass. The barley yields, in some cases, were 


13 


a 1s . rere 
“el : | ‘ 
minnie ane 
efit nt eanty dosup of? bal foustnod aster at 
qiavastehtee bebivorg esdsy vadghd oi vino duds 
2otte onakienal | 
ile: SE,1 (20) 26.0. dotw 2eeyy sasup. beyerge (eBN@E) danas) | 
at exe dgebp no sdagorgylp (A\etf) sd\oa (0:8) 8.8 bre (Gut) Oat = - 
_zapede ptbase bas patvawolt ,sgnta teat O+@ Gris 6-8 Seb wntt | 
zepste divi 2uoriay oid 3s 22610 Aosup sid vsitonanoepeaaiete 
S-I say tg ovitostts yrev ton 26W A\d! 2.0 Jed? notoqeoKe ote tttw : 
ait of steb s2dit elreqque (E\eL) tnsiysd .eapste teoh CaS tee : 
sii\p% BE.€ yo {A\2d{ S) sA\pd $5.5 to avenge painge tone SmeeRe 
tone steal absid Jon2 (Pree: rt azar Aravp no siszorquie (A\edT £) | 
to Snood ombe add nf begtuzsy (Ts pattavo!? bas pnitheed Bap 
»Stsb Jead sft .stazolquin Yo enotrsotlage lat so? .pengaeo 
inandseys vadweiqe2-bim s saw (SESPL) xunrh bas nsabnad of antb1o208 
.einomdsent csdmever-bim, 10 “gdovo0-bim vadtts net natted Savery dotdw : 
pi\ord 28.0 mort sdseodqgylp to 20c57 ontew .{d,sf{Ol) nvoth bas qeeiaed | 
enotieotigqas [fat vo oniyge wo? (A\2d! €) sA\pd BE.8 of (A\edT BY.0) 
-enotenotiqge Tint oF worrsque s19w 2znoiteotlags eninge dedd babe? 
6 Mbit vatted on bevesIeq6 prirge dns [fst ot anottootiqgs=dt hee 
coftsattaqs Mfst sfonte 
o(S) O5.8 .{2) SL.f dttw ezsyp Aosup baysiq2 (EVEL SUL) HeeePa 
c2igvvasnt Jagt ano Inoupsedve +6 has eiszoriqyla (A\edt) eA\pd (E) SEs 
46 bayordeab EVEL nt sstazodquld .yslvad batnela bes betevigfao 
slew. , 29269 amoe nt ,ebisty yelyed aft . 22s dosup ait to X00 teser : 


14 


triple that of the controls. No herbicide residual damage to barley 
was reported. Bandeen (1973d) applied glyphosate (1.12 (1), 1.68 (1.5) 
and 2.46 (2.2) kg/ha (1bs/A)) to quack grass in the 2-3 leaf stage, 
plowed and seeded winter wheat eighteen days later. Wheat yield in 
sprayed plots was about four times as much as that of the weedy control. 
No herbicide damage to the winter wheat was reported. Bandeen 

(1973 b,c) used combinations of glyphosate and other herbicides for 
quack grass control in field corn and soybeans and also reported no 
herbicidal damage to either crop. 

Abstracts on some of the present author's research appear in Research 
Report of the Canada Weed Committee, Western Section (Valgardson and Corns 
1972, 1973). Following is a more detailed report on various crops, 
tillage and herbicide treatments on densely infested quack grass land. This 
work enables some separation of the competitive effects of the crops 
from the combined effects of spraying and cropping on quack grass 


and crop yields. 
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I. GREENHOUSE EXPERIMENTS 
A. Materials and Methods 


1. Glyphosate translocation in rhizomes. 


a. Effects of spraying glyphosate on single shoots on 
short rhizomes vs. several shoots on long rhizomes 


A duplicate randomized experiment was established in the 
greenhouse to gain some indication of the relative efficiency of 
glyphosate treatments on growth which may occur under field conditions 
after limited or extensive tillage fragmentation of rhizomes. 
Rhizomes, collected in the fall of 1973 from a clonal population 
developed at the University of Alberta farm, Ellerslie, were stored 
in plastic bags in a cold room at 1-3° for later use. On October 19, 
1973, rhizomes, uniform in length (36 cm-46 cm) and thickness, were 
prepared for germination from the cold room stock. They were germinated 
by placing them between layers of damp paper toweling and plastic, 
covering them with heavy paper to exclude light, and incubating them 
in a greenhouse at 20°C. Eight days later when there were five to 
seven shoots, 3-5 cm long, per rhizome, five rhizomes were planted 
3 cm deep in each of twelve flats (30 x 46 x 8 cm) containing 3:2:1 
(soil:peatmoss:sand) soil mix. By November 5, the shoots had grown 
to 10-20 cm and the rhizomes in six flats were then cut into sections 
mid-way between each shoot (20 + 4 shoots per flat) and the remaining 
six flats (20 + 4 shoots per flat) were left with rhizomes intact. 

On November 10, glyphosate sprays of 0.56 kg/ha (0.5 1b/A) and 1.12 
kg/ha (1 1b/A) a.e. in 281 1/ha (25 gal/A) water, were applied from 


a bottle attached to a spray head and an aerosol-type propellant 
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container. Two flats each, of rhizome sections and of intact rhizomes, 
were sprayed leaving two boxes of each type for controls. Watering was 
neraved for twenty-four hours to prevent washing the herbicide from 

the foliage. For the following sixty-five days the flats remained in 
the greenhouse at about 20°C with a light intensity of 400-600 ft cdles, 
and supplementary lighting for fifteen hours per day. They were 
watered twice daily and were given a liquid fertilizer (20-20-20) once 

a week. Harvest data consisted of shoot fresh weights and rhizome 

fresh weights per flat as well as number of surviving shoots per flat. 


b. Effects on the center shoot of long rhizomes from 


glyphosate sprays to both end shoots 


General procedure applicable to this and to ensuing experi- 
ments in the series of greenhouse experiments to determine the extent 
of glyphosate translocation in long quack grass rhizomes was as 
follows. In the fall, rhizomes were gathered from the Saramaga farm 
(1972) or Ellerslie farm (1973), put in plastic bags, and stored at 
1-3°C. Rhizomes 36-46 cm long were prepared for germination according 
to the procedure for experiment la. When their shoots had grown to 
2-4 cm all but three of the shoots (one on each end and one in the 
center) were broken off leaving shoots separated by 1-3 nodes. 

Since the nodal bracts or scale leaves, on rhizomes, point away from 
the parent plant, this criterion was used at planting time to orient 
all the rhizomes in the same direction. Sprays on the end or center 
shoots could then be applied to obtain information on relative 

directional translocation effects on the other unsprayed shoots along 


the rhizome. The rhizomes were planted 3-4 cm deep in flats (30 x 46 x 
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8 cm) containing 3:2:1 soil mix. The flats were then transferred to 
a greenhouse at 20°C with a light intensity of 400-660 ft cdles in 
winter and 1000-1600 ft cdles in spring and fall. Supplemental 
lighting was provided for fifteen hours per day. When shoot growth 
had reached a suitable size for spraying the shoots not receiving 
glyphosate treatment were covered with plastic and the flats were 
then sprayed in 0.37 sq m areas with the assigned dosage of glyphosate 
in 281 1/ha (25 gal/A) water. Sprays were applied from a bottle 
attached to a spray head and an aerosol-type container. The flats 
were watered twice daily following a twenty-four hour delay after 
spraying, and a liquid nutrient mixture (20-20-20) was applied once a 
week. Following are details of the experiment involving glyphosate 
applied to both end shoots of long rhizomes. 

A triplicate randomized experiment was established in the green- 
house with three treatments (check, 1.12 kg/ha (1 1b/A), 2.24 kg/ha 
(2 1b/A) a.e. glyphosate). Rhizomes collected in 1972 were prepared 
for germination on January 7, 1973 in accordance with the general 
procedure outlined under lb. Nine days later when the rhizomes had 
germinated, they were planted ten to a flat. On February 9, the 
shoots growing on the tip-ends (as opposed to parent-ends) were 
clipped back to 15 cm because of excess growth, due to apical dominance, 
over that of the two other shoots on each rhizome. Three days later, 
when all the quack grass shoots had grown to 20 cm, the center shoots 
were covered with plastic and the shoots on both ends, except those 
of controls, were exposed to 1.12 kg/ha (1 1b/A) or 2.24 kg/ha 


(2 1b/A) a.e. glyphosate within an area 0.37 m. Observations were 


1 va . 1 < 7 : i 
Teanamstqque . Ths? Care ni zatbo 9 Zs 

dawowp toot2 nodW yeh 95) evuort noes tht” sa 

pntvieosy son 2toon2 ad? pntyeig2 Yor ashe peti beer 


giaw etal? ony bas otteplg atiw bsvavo2 saw inandswnd 98 
ateaodayie to Sps2ob benptees on) idtw 26516 m pe t€.0 mt t 
sfttod «mort bettdas avew eyeiq2 .rotaw (A\ Ten os) wANE & 

atel? siT .1edtstnos soyi-lozqr6 n6 bes beer yevqe 8 OF. 
wetts yateb sod tuol-vsnewd 6 ontwollot ylteb saws onatindliveall ie 

6 sano Bellqga zew (OS-0S-05) syuixin tratigon Broprl § bone QONYeNGe o 
ets2orayle antyfovnt JAgmrraqns Sat Yo zhtszeh.ox6 prtwof tot eo : 
zeiostiy anol to etoole bra ated 28 bat tgg | 


7 


-wasve oft nt badetldstes |‘ 2ew tnsinjiogas bes tmabnsy ateotiqint A - ; 
sited BS.5 (ANSE I) ee\ey S£.t .laara) etnombusnd aatnt ne | 
beTEGE IQ STBW Stet at bayootloa zamorhaa' .(sfs2etavlp sae, (A\dT 8) 
fevsneb ond fiw donsbyoors ni EX ,\ YIeuNBL no nOTISOTeIEg sot 

bed edmatids off mow ste eveb ant’ -.dt vabow Dewhltvo erwbe20rg 

aid 22 ynsuidsy no 6 6.waTt © OF ned beinslq syow yeds ease bm av 

saw (abnatnoysq ot bs2oqaD 26) 2bne- -git ony no prruany stot 
<sanentingd Psohgs oF sub ,diwovp e2ooxs Yo sevsosd Wo Cl od doed beeat 9 


«%atst eyab sew? .smosxtity toss no 2tpat2 Yantjo owt SNd To tame wo 
ae 


etoore yeinso and yd OS oF nwory Let esoode ezerg doeup smd 1h 
seers +Q90Ke enone ‘Sod nw etool2 ani bas aitesiq Adiw sao’ 
pft\pn PS.S yo (A\dh I) si\od) $2.0 of ta2egne Siew ya Rant 

e19w enottayised) . V6.0 sete sis ntddiw siezaraylp 98 


18 


made until harvest on March 6. Five rhizomes, chosen at random from 
each flat, were used for obtaining data on the center shoot area of 
the rhizomes. The data included: height of shoots, number of center 
shoots per flat, length and number of new rhizomes produced, and 
fresh and dry weights of both shoots and new rhizomes taken together. 


The numbers of surviving end shoots, per flat, were also recorded. 


c. Effects on end shoots of long rhizomes from glyphosate 


sprays applied to the center shoot 
The effects, on the end shoots, of glyphosate sprays applied 


to the center shoots were tested in two (c-1 and c-2) triplicate ran- 
domized experiments each with three treatments. Rhizomes collected 

in 1972 were prepared for germination on February 7, 1973 (c-1) and 
February 23 (c-2) in accordance with the general procedure outlined 
under 1b. Two weeks later the rhizomes were planted ten to a flat 

(c-1 and c-2). On March 14 the tip-end shoots of c-1 were clipped back 
to 15 cm to even the growth with other shoots along the rhizome and 
shoots of c-2 were left untouched. When the quack grass had grown 

to about 20 cm, March 20 (c-1) and March 30 (c-2), the end shoots were 
covered with plastic and, except for the controls, the flats were 
sprayed in 0.37 sq m areas with 1.12 kg/ha (1 1b/A) or 2.24 (2 1b/A) 
a.e. glyphosate (c-2, c-2). Experiment c-1 was accidentally watered two 
to three hours after spraying. Observations were made until harvest 

on April 3 (c-1) and April 12 (c-2). Five rhizomes, chosen at random 
from each flat, were used for collecting data for shoots on each end 

of the rhizomes. The data (the sum of five readings per flat) 


included: shoot height, number of shoots, length of new rhizome 
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growth, and fresh and dry weights of both shoots and new rhizomes 
together. For c-1, the mean condition (scores 0-9) for the center 
shoots were tabulated and for c-2 the mean condition (scores 0-9) 
for center shoots as well as end shoots were taken. (Score 0-9 is 
a measure of the effects of the herbicide on plants with 0 being a 


healthy plant and 9 being completely dead). 


d. Effects on other shoots along the rhizome from 
glyphosate sprays applied to either the parent-end 
or tip-end shoots 


Two randomized experiments with three treatments (check, 
0.56 kg/ha (0.5 1b/A), 1.12 kg/ha (1 1b/A) and three repeats were 
established in the greenhouse. In one experiment the parent-end 
shoots were treated with glyphosate and in the other experiment the 
tip-end shoots were treated. Rhizomes collected in 1973 were prepared 
for germination on January 16, 1974 in accordance with the procedure 
outlined in 1b. One week later the rhizomes were planted six to a 
flat. Shoots on several rhizomes failed to grow and on January 28 the 
rhizomes were thinned to three per flat. On February 5, the tip-end 


shoots were clipped back to 15 cm to even the growth with other shoots 


along the rhizome. Three days later when the shoot growth was 20-25 cm, 


the center shoots and end shoots opposite the one to be sprayed were 
covered with plastic and, except for controls, the flats were sprayed 
with the appropriate dosages of glyphosate in 0.37 sq m areas. 
Observations were made until harvest on January 22, 1974. The data 
were taken on the three shoots (parent-end, center, and tip-end) on 


each rhizome for each of three rhizomes per flat. The data included: 
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shoot height, shoot count, length of new rhizome growth, fresh weight 
and mean score (0-9) of the shoots for each experiment. 
2. The effects on crop seedlings of glyphosate sprayed on the 

soil. 

a. General procedures 

A series of greenhouse experiments was established to test 
the effects of soil applied glyphosate on crops sown prior to spraying. 
Completely randomized experiments were set up having four replications 
with a check, 2.24 (2), 4.48 (4), 6.72 (6), and 8.96 (8) kg/ha (1b/A) 
glyphosate treatments. Each flat (12 x 17 x 8 cm), containing 3:2:1 
soil mix, was sown with thirty seeds (barley, buckwheat, oats, rapeseed 
or rye), saturated with water, and then set aside to drain. Within 
twenty-four hours of seeding, the soil surface of all flats except 
unsprayed controls was sprayed with glyphosate from a bottle attached 
to a spray head and an aerosol-type container, at 281 1/ha (25 gal/A) 
water. The flats were then transferred to a growth chamber at 20°C 
and illuminated for sixteen hours per day at a light intensity of 
1300-1500 ft cdles. Following a twenty-four hour delay after spraying, 
the flats were watered twice daily and a liquid fertilizer 20-20-20 
was applied once a week. Observations were made from the date of 
emergence of the crop seeds to harvest. 

Following are details of experiments involving the general 


procedure outlined above. 


b. Preliminary test on barley, oats, rye, buckwheat and 
rapeseed 


A preliminary experiment was set up to test glyphosate on 
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barley, oats, rye, buckwheat and rapeseed on June 15, 1973. The crops 
were sown on June 15 with rapeseed at twenty seeds per flat and the 
remaining crops at thirty seeds per flat. Following a drainage period 
of about two hours, the flats were sprayed. On June 25, the crops 
were harvested for the following data recorded per flat: mean shoot 
height, fresh and dry weights of shoots, number of tillers (barley 
and rye), number of plants having true leaves (buckwheat) and plants 
having no true leaves (rapeseed). 

Cue Rye 

Rye, seeded 1 cm deep on November 1, 1973, was sprayed on 
November 2. The plants emerged on November 5. Twelve days later the 
experiment was harvested for records, per flat, of mean shoot height, 
number of tillers, and fresh weight. 

d-1. Buckwheat 

Buckwheat was seeded 1-1 cm deep on October 18, 1973 and 
Sprayed on October 19. The seedlings emerged on October 23. Observa- 
tions were made on the plants until harvest on November 7 for records, 
per flat, of mean plant height, fresh weight (shoots), number of plants 
without true leaves and number of plants. 

d-2. Buckwheat 


Since buckwheat germination was very poor,another experiment 


was undertaken using selected pre-germinated seed. On November 9, 1973, 


seed was placed between layers of damp paper toweling and plastic and 
incubated in a greenhouse at 20 C for germination. Three days later 
when the seedling radicle length was 1-2 cm, thirty seedlings were 


sown per flat. Six hours later the flats were sprayed with the 


21 


boteq: seunte oitvorre gat dq. ‘at 
ego sav , 28 emul) nO . bayenqe sow ast = npnienty . . % 
toote rman :S60t 19q babrose7 etsh pahuol lot ¢ ver 
ysived) evalftt to “simu Jatootiz Yo atietow yb" Die a 
2gnety tas sh csiaaia saveat suvt patver etasty to VSdmin ie 
(basesqs1) caveat Sut On § 
ay. 
no bevevge caw Ee! ,f vednisvol no qoab mo t bebese yt 
and qote! 2vsh svfewl <2 vatinevol no bepvats atnstg onT 84 
eifipiad iootie meen to , tal? v9q ,2ebyooe7 vot badzavred Zew " 
nptaw Azer baa pore Th? te 

Spamwdava —.T-b 
brig EVEL , BT xedpia0 fo gash nm xi-l babsaz eb teontwilout : 7, 
~6v09ad0 «223 S8d0390 ho boptae 2onribsae oAT (QL sedaroo no: beng 
-ebvoasy ‘Yor V vedieavoll no tzovver Sriau etnety sat np sbem orow aio 
2onsfG to Yadmin .(adocd2) tipfew deoxt . tipted Inst Wom to ath aq: na 
.2inale Yo secant hie eevEst sunt okt” i. 
| shonoiou 848 
SnamhagKs Tangone 3004 vray e5w fatiAAtineap tesfwdoud eat? a . r | 
OVCL ,e Vodnwvo nO base bsteniniven-o19 badsatee pniay natesobou 2 b 
tne attest, bis pablewod vageq: Gund Yo eva\yal. nepwisd baselq 2 
9960 eyeb gait -ottemboriey: yor 2 0S de sausiigerp Bat 
id zit fhse2 unit? ,toeS-L sew dfonal ofatbew. pnttbese. 6 $ marth 
grt ditty bayenge Foe) atert ‘end vetef engord at rate aie 


appropriate dosages of glyphosate. The buckwheat emerged on 
November 15 and was observed until harvest on December 4. The plants 
were harvested for data, per flat, for mean shoot height, shoot 
number, fresh weight of shoots, and plants having fewer than three 
true leaves. 

e-l. Rapeseed 

Rapeseed was sown at 0.75 cm deep on November 8, 1973, and 
was Sprayed on November 9. The seedlinas emerged four days later. 
The flats were harvested on December 3 for data, per flat, concerning 
mean shoot height, number of plants, and fresh weight. 

e-2. Rapeseed 

Rapeseed was sown 0.75 cm deep on January 7, 1974, and was 
Sprayed on January 8. The rapeseed seedlings emerged four days later 
and were observed as they grew, to the flowering stage. On February 
11, 1974, the flats were harvested for data, per flat, concerning 
number of plants, mean shoot height, plants greater than 30 cm and 
having flowers, plants less than 30 cm and having flowers, and fresh 
weight. 

e-3. Rapeseed 

Glyphosate was sprayed on the soil at the dosages outlined in 
experiment 2a on January 8, 1974, four days prior to seeding rapeseed 
0.75 cm deep. The rapeseed emerged on January 17 and was observed 
until harvest on February 6. Data, per flat, were taken for number of 


plants, mean shoot height, and fresh weight. 
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B. Results, Discussion and Conclusions 


1. Glyphosate translocation in rhizomes. 


a. Effects of spraying glyphosate on single shoots on short 
rhizomes vs. several shoots on long rhizomes 


Glyphosate injury symptoms on shoots, shown by slight chlorosis 


and general lack of vigor, became evident on shoots of both long and 
short rhizomes within two to three days after spraying 1.12 kg/ha 

(1 1b/A) and three to four days of spraying 0.56 ka/ha (0.5 1b/A). 
Chlorosis, beginning at the leaf tips of plants sprayed at 1.12 kg/ha, 
progressed until nine to ten days after spraying at which time most 
of the shoots were dead. Herbicide injury progressed more slowly and 
less effectively on shoots sprayed at 0.56 ka/ha causing death to 
approximately half of the shoots within twelve days of spraying. Some 
Shoots that survived 0.56 kg/ha glyphosate treatment stopped growing 
but produced a profusion of shoots at the base of the primary shoot 
(figure 1). 

For the final analysis, the data for the two rates of glyphosate 
(0.56 kg/ha and 1.12 kg/ha) were pooled within each of the long and 
short rhizome treatments (table 1). There were no significant 
differences between the effects of glyphosate applied to shoots on 
short rhizomes in comparison with responses to treatments of shoots on 
long rhizomes. Such results suggest that cultivation and shoot 
regeneration prior to spraying may not result in any advantage over 


Spraying a quack grass infestation having intact rhizomes. 
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Sublethal effects of glyphosate on quack grass. The 
profuse development of shoots occurred at the base of 

main shoots within 65 days after applications of 0.56 kg/ha 
of the herbicide. 
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b. Effects on the center shoots of long rhizomes from 
glyphosate sprayed on both end shoots 


Within two days of glyphosate application in this experiment, 
the treated shoots were lighter in color than those of the control 
treatments. Within the following two days the treated plants became 
more chlorotic, especially at the leaf tips, and began to lose turgor. 
Effects on the shoots sprayed at 2.24 kg/ha (2 1b/A) were more advanced 
than on those treated at 1.12 kg/ha (1 1b/A). Six days after spraying 
the end shoots, mild chlorosis and some leaf twisting or curling were 
evident on the center shoot. At this time the end shoots were very 
chlorotic and some were dying back from the tips. Ten days after 
spraying, most end shoots treated at 2.24 kg/ha were dead and most 
shoots treated at 1.12 kg/ha were yellow-green in color but still 
living. At this time the center shoots had lost turgor and were pale 
green to yellow in color. The results of the experiment (table 2, 


showing only variables which are significantly different) indicate that 
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both dosages of glyphosate used in this experiment were equally effective 


in producing the significant effects of translocation along the rhizome 


from sprayed to unsprayed shoots. 


c. Effects on end shoots of long rhizomes, from glyphosate 
sprayed on the center shoot 


Quack grass growing in experiment c-1 (accidentally watered 
2-3 hr after spraying) did not show the symptoms of glyphosate injury 
for approximately five days after spray application. The leaves 
became mildly chlorotic and further symptoms developed slowly until 


harvest. At that time the sprayed shoots, although alive, were 
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chlorotic and lacked sufficient turgor to stand upright. It was 
difficult to observe whether glyphosate was translocated to either the 
parent-end or the tip-end shoots with greater intensity since the 
herbicidal symptoms were slow in developing and very variable. 

However, the final analysis of results (table 3 - showing only variables 
that are significantly different) indicate that the length of new rhizome 
growth was substantially reduced at both ends of the rhizome but was not 


Significantly different between dosages applied. This suggests that 


Table 3. Effects on growth of shoots at both ends of rhizomes 14 days 
after spraying a sinale center shoot with glyphosate. 
(Means of 3 replications each involving the sum of data 


from & rnizomes). 


Treatment Length of new Length of new 
rhizomes (parent-end) rhizomes (tip-end) 
kg/ha (1b/A) (cm) (cm) 
0 Wey he 6/ =a 
Pelee b) 36.6 b Zo b 
Zone) Lies) 22.6 Db 


*Means followed by the same letter are not significantly different at 


the 1% level using Duncan's Multiple Range Test (Duncan 1955). 


glyphosate was translocated in both directions along the rhizome but 
does not indicate a predominant direction of flow. 

In experiment c-2 the treated quack grass shoots developed 
symptoms of glyphosate injury two to three days after spraying, and 


within ten days after spraying 2.24 kg/ha (2 1b/A) glyphosate, some 
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shoots were dead except for some green areas at the base of the stems. 
The effects of glyphosate at 1.12 kg/ha (1 1b/A) developed somewhat 

more slowly but were apparently ultimately as great as from the higher 
dosage (table 4-showing only variables which are significantly different). 
Parent-end and tip-end shoots, eight to nine days after spraying, both 
began to develop a chlorotic appearance which progressed slowly and 
apparently equally on both unsprayed shoots on each rhizome. The 
appearance of herbicide injury in both end shoots on the rhizomes 
confirms the indication in experiment c-1 that glyphosate was trans- 
located in both directions along the rhizome. In addition, the results 
of experiment c-2 (table 4) consistently show significant differences 

- between the variables at the tip-end shoot of the control and glyphosate 
treated rhizomes, but such differences did not exist in comparisons 
between parent-end shoots of control and glyphosate treated rhizomes. 
The data recorded from the parent-end shoots of treated rhizomes were, 
however, somewhat comparable to the data for the tip-end shoots of 
treated rhizomes. They were, however, more variable, hence resulting 

in the lack of significant differences between respective control and 
glyphosate treatments for parent-end shoots. This suggests that 
glyphosate may tend to accompany metabolites flowing predominantly in 


the direction of the tip of the rhizome. 
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d. Effects on other shoots along the rhizome from glyphosate 
Sprays applied to shoots on either the parent-end or the 
tip-end shoots 


Glyphosate injury symptoms on sprayed shoots were comparable 
to those of previous experiments on long rhizomes. Within two to three 
days after spray application, shoots sprayed at 1.12 kg/ha (1 1b/A) began 
to develop very slight chlorosis at the leaf tips and the plants 
appeared to lack vigor. Within nine to eleven days most of these shoots 
were dead. Shoots treated with 0.56 kg/ha (.5 1b/A) glyphosate were 
slower to develop herbicidal injury symptoms and only two shoots which 
were on the parent-end of the long rhizomes were dead after two weeks. 
Symptoms of sublethal glyphosate injury as a result of translocation 
to unsprayed shoots are shown in figures 1 and 2. 

Herbicide injury symptoms on shoots at the center and on the ends 
Opposite the sprayed shoots appeared between six and eight days after 
Spray application. There appeared to be no difference in the intensity 
of glyphosate injury in unsprayed shoots or in the length of time until 
it occurred, whether the parent or tip-end shoots of these long 
rhizomes received glyphosate treatment. There also did not seem to 
be a uniform progression of symptoms of glyphosate injury in shoots 
along the rhizome. In some cases both the center and unsprayed end 
shoots were equally affected by the herbicide and in other instances 
the unsprayed end shoots were affected more than the center shoot. 

The results of the experiments shown in the tables (glyphosate 
applied to parent-ends, table 5, and glyphosate applied to tip-ends, 


table 6) give only data for the variables which are significant and 
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Figure 2. 


Sublethal effects of glyphosate translocation to the centre 
shoot on a quack grass rhizome, within 14 days after 
spraying the shoot on the left with 0.56 kg/ha of the 


herbicide. Malformation of new leaf development is evident. 
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again confirm that glyphosate was translocated in both directions along 
the rhizome. Since unsprayed shoots along the rhizomes were almost 
equally affected whether the sprayed shoots were on the parent-ends 
or on the tip-ends (figure 3), there seems no doubt that herbicidal 
sprays of glyphosate can readily result in translocation effects along 
the rhizomes in both directions. It has already been noted, however, 
that under the conditions of experiment c-2 there was some indication 
of greater movement of toxic chemical to the tip-ends of the rhizome. 
In view of the results of experiment d and the variability in experiment 
c-2, however, the evidence does not warrant any firm conclusions as 
to the predominant direction of flow of the toxic chemical. 
2. The effects on certain crop seedlings of glyphosate sprayed 
on the soil. 
(Note: Topic a was completed under "Materials and Methods"- 


General procedures. ) 


b. Preliminary experiment on barley, oats, rye, buckwheat 


and rapeseed 
Soil applied glyphosate did not affect either the physical 


appearance, germination and emergence, or the subsequent growth of 
barley and oats. 

Rye indicated the possibility of some growth promotion by the 
herbicide. There were some increases in fresh weights of rye in 
soil treated with the higher rates of glyphosate. However, because 
of some variability within this experiment another similar trial was 
established and is discussed under section c. 


Buckwheat germination and emergence was poor and may have been 
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Figure 3. 


Glyphosate at 1.12 kg/ha, whether applied to the near end 
(parent-end) shoot or the remote end (tip-end) shoot, 
translocated along the rhizome in either direction 
affecting the unsprayed shoots along the rhizome. 


(Photo 14 days after spraying; control at top). 
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responsible for most of the variability within this experiment. 
Nevertheless, some herbicide damage was evident. Shoot height, fresh 
weight, and number of plants having true leaves were decreased by the 
8.96 kg/ha (8 1b/A) rate of glyphosate. Further experiments will be 
discussed under section d. 

Rapeseed was very sensitive to relatively high dosages of soil- 
applied glyphosate and the results of this experiment (b) will be 
discussed with the results of subsequent relevant experiments in 
section e. 

Cewnve 

The repeated experiment with rye following the preliminary 
test noted in section b, indicated no significant effects of glyphosate 
on mean shoot height, number of tillers or fresh weight of rye plants. 
The complete lack of glyphosate effect on rye plants in this experiment 
indicates that the results from the preliminary experiment suggesting 
stimulation by the herbicide were caused by the variability of growth, 
including controls, in the first experiment. 

d. Buckwheat | 

Experiment d-1 was, as in the preliminary experiment on 
buckwheat, very variable due to poor seed germination. The herbicide 
damage, however, was again evident on the basis of the same criteria 
noted in the preliminary experiment. 

The variability caused by poor seed germination was reduced by 
using pre-germinated seed in experiment d-2. There were no observable 
physical differences during the growth period but harvest data indicated 


some effect of the herbicide in reducing the height of buckwheat. 
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Thus in all of the growth chamber experiments with buckwheat, some 
herbicide damage was recorded by the higher dosages of glyphosate, but 
because of the variability they do not warrant any firm specific 
conclusions. 

e. Rapeseed 

Observations of the rapeseed experiments indicated that there 
were no immediate effects of the herbicide on germinating or emerging 
rapeseed seedlings. Within eight or nine days after seeding (4 or 5 
days after emergence) (figure 4), however, the cotyledons of the plants 
growing in 4.48 (4), 6.72 (6) and 8.96 (8) kg/ha (1b/A) glyphosate 
treatments became dark areen compared to light green of control plants. 
Ensuing growth in height and first true leaf development was retarded 
(expt. b, table 7, showing only variables which are significant) in 
the 6.72 and 8.96 ka/ha treatments. Some plants developed true 
leaves which appeared chlorotic and malformed and other plants had 
no true leaf development. Within two weeks after seeding time, the 
plants growing in the 0, 2.24, and 4.48 kg/ha treatments had developed 
the second and third true leaves and exhibited no physical differences 
from one another. By this time the plants growing in the 6.72 and 8.96 
kg/ha treatments appeared to be overcoming the effects of the herbicide 
and some plants appeared to be normal. The rapeseed experiments (b 
and e-1, table 7 showing only variables which are significant) harvested 
at ten and twenty-five days after sowing also indicate that the rapeseed 
tended to overcome the effects of the herbicide. However, when 
rapeseed reached the stage of flower initiation (within 30 days of 


sowing, when plants were grown in the growth chamber) the plants growing 
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Figure 4. 
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Effects of soil-applied glyphosate on emerging rapeseed. 
Note the stunted retarded development of the 4.48 kg/ha 
and 6.72 kg/ha treatments (on the right) compared to the 


control on the left. 
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in soil treated with the higher dosages of glyphosates were again 
retarded (e-2, table 8, showing only significant variables). 

Comparisons would have been even more satisfactory had it been 
feasible to secure data for the various growth responses of rapeseed 
at different stages of development within the same experiments. 

Rapeseed grown in experiment e-3 did not show any of the physical 
effects of glyphosate injury observed in experiments b, e-1 and e-2. 

The final analysis (table 8 (e-3) showing only variables which are 
significant) indicates that the herbicide affected only the fresh 
weights. 

In general the results of rapeseed experiments in the growth 
chamber indicate that this crop is sensitive to soil applied glyphosate, 
even when the herbicide is sprayed on the soil four days prior to 
seeding. The rates of glyphosate which caused consistent injury, 
however, are greater than those which would be used in the field. 

Field experiments using glyphosate on quack grass at 2.8 kg/ha (2.5 1b/A) 
two weeks prior to sowing rapeseed did not affect rapeseed plants 


at all. 
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II. FIELD EXPERIMENTS 
A. Materials and Methods 
1. Glyphosate dosage experiments with or without cultivation. 
a. Effects of various dosages of glyphosate on quack grass 
with or without cultivation 

Two field experiments, one in 1972 (a-1) and one in 1973 (a-2), 
were established to test the effectiveness of various dosages of 
glyphosate on quack grass with or without cultivation after spraying. 
Duplicate randomized blocks with plots 3 x 3 m (a-1) and triplicate 
randomized blocks with plots 2.2 x 3 m (a-2) were laid out on peaty 
clay loam soil west of Edmonton (Saramaga farm). The plots for both 
experiments were on soil that had not been cropped the previous year 
and had developed a solid infestation of quack grass. Glyphosate 
(isopropylamine formulation - 3 1b a.e. per U.S. gallon was used in 
all experiments using glyphosate) sprays of 1.12 (1), 2.24 (2) and 
3.36 (3) kg/ha (1b/A) in 281 1/ha (25 gal/A) water at 1.76 kg/sq cm 
(25 psi) were applied in July 15, 1972 (a-1) on quack grass regrowth 
of 20 cm height after a mowing three weeks previously, and on June 21, 
1973 (a-2) on quack grass 26 cm tall in the 4 leaf stage. A rain 
shower occurred eight to ten hours after spraying experiment a-1 but 
conditions for spraying experiment a-2 were ideal with no rain falling 
within a day after spraying. In both experiments all of the sprayed 
quack grass top-growth was dead within two weeks except for some shoots 
in the 1.12 kg/ha (1 1b/A) plots (a-2). At that time half of each 
plot including some controls in a-1 and certain plots assigned for each 


treatment in a-2 were cultivated 13 cm deep with a rototiller. The 
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uncultivated portions of plots in a-1 and the uncultivated treatments 
in a-2 were left undisturbed until harvest. On September 28, 1972 a-1 
and August 27, 1973 a-2,harvests for quack grass shoot counts, height 
and forage dry weights were taken from 0.85 me quadrats. Rhizomes were 


sampled from quadrats 0.63 me, 15 cm deep. 


b. Effects of cultivation on quack grass before and or 
after the application of glyphosate 


An experiment, on peaty clay loam soil west of Edmonton 
(Saramaga farm), was established to test the effects of glyphosate on 
quack grass sprayed before or after cultivation and with or without 
subsequent cultivation. Plots 2 x 3 m with 61 cm continually roto- 
tilled borders were laid out in triplicate randomized blocks on soil 
solidly infested with quack grass in an area summerfallowed in 1970. 
The schedule of operations for this experiment is summarized in 
Table 9. Quack grass on D1 (Date 1) was 12 cm tall in the 2-3 leaf 
stage, and on D2 for treatments 3,4 and 6 was in late shot blade stage 
68 cm tall. For treatments 1, 2 and 5 on D2, the quack grass regrowth 
(after cultivation on D1) was 23 cm tall at the 3-4 leaf stage. A 
rototiller, tilling 13 cm deep, was used on all plots scheduled for 
cultivation. Glyphosate at 2.8 kg/ha (2.5 1b/A) in 281 1/ha (25 gal/A) 
water at 1.76 kg/sq cm (25 psi) for all treatments (1, 2, 3 and 4) was 
sprayed on D2 under ideal conditions. By D3 all sprayed plots had 
complete top-killing, but plots cultivated on D2 had 5 cm regrowth. 
The plots were hand weeded during the 1972 and 1973 seasons to remove 
annual weed growth. Harvesting commenced on September 26, 1972 and on 


July 26 in 1973. Quack grass shoot counts, height and forage dry 
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weights were taken from 0.85 m@ quadrats, and rhizome samples were 


taken from 0.65 m¢ quadrats 15 cm deep. 


c. Influence on quack grass of various periods of delay 
before removing top-growth after glyphosate application 


A field experiment was established to determine the influence 
on quack grass survival of various periods of delay before removing 
top growth after spraying with glyphosate. A dense stand of quack grass 
(approx 900 shoots per m°) growing in a Malmo clay-loam soil at 
Ellerslie farm was used for laying out the experiment in replicated 
blocks. This quack grass area had been planted with rhizomes in 1971. 
On July 23, 1973, when the quack grass was at advanced heading stage, 
glyphosate was applied at 1.7 kg/ha (1.5 1b/A) and 2.8 kg/ha (2.5 1b/A) 
in 281 1/ha (25 gal/A) water at 1.76 kg/sq cm (25 psi). About 2 cm 
of rain began to fall ten hours after spraying. Duplicate strips of 
quack grass 0.8 x 4.2 m for each rate were mowed about 1.5 cm above 
ground commencing one day after spraying and continuing with new strips 
each day until the ninth day. Since there was, by then, some yellowing 
but still no major visible injury, the remaining three cuttings were 
done on the eleventh, thirteenth and fifteenth days after spraying. By 
this latter time practically all the foliage treated with either dosage 
was dead. Unsprayed control strips were mowed one or eleven days after 
the spray date. On September 28, sixty-seven days after spraying, data 
for numbers of shoots, their height and fresh weight per 2.84 sq m 
strip sample were recorded for the sprayed plots. For the control plots 
0.4 sq m -quadrats were used and the results extrapolated to a 2.84 


sq m area for comparisons with the sprayed plots. 
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2. Quack grass seedling competition with oats, rapeseed, buckwheat 
and winter rye. 

A field experiment to determine the competitive effects of 
quack grass seedlings on oats, rapeseed, buckwheat and winter rye was 
conducted on summerfallowed Malmo clay loam soil at the University of 
Alberta farm, Ellerslie. The soil was disced on May 15, 1973 prior to 
seeding quack grass into plots 1.85 x 2.5 m replicated four times for 
each treatment. Fertilizer (16-20-0) at 112 kg/ha (100 1b/A) was then 
broadcast across the plot area and raked into the soil. The quack grass 
seeds, collected in the fall of 1972 and having 50% germination, were 
then sown on May 17 to a depth of 1 - 1.5 cm at 20 kg/ha (18 1b/A) 
viable seed. The quack grass was sown prior to the crops to favor 
establishment of the quack grass seedlings. On June 6 when the 
quack grass was 7 cm tall, the crops were sown between the rows of 
quack grass and also in plots containing no quack grass. Rates of 
seeding of the crops (adjusted to 100% viable seed) were as follows; 
Rodney oats, 91 kg/ha (2.4 1b/A); Polish rape 6.7 kg/ha (6 1b/A); 

Tokyo buckwheat, 65 kg/ha (1.2 bu/A); and Frontier winter rye 88 kg/ha 
(1.4 bu/A). Germination of the quack grass was patchy but sufficient 
to provide for selection of relatively uniform sample sites for harvest. 
Germination of the crops was uniform and excellent. Seasonal 
precipitation (May-September) amounted to 34 cm. The plots were hand 
weeded during the summer to remove annual weeds. During mid-August 

a frost damaged the tops of buckwheat, limiting its yield to forage. 
Harvesting took place on September 4 except for oats which matured 


thirteen days later. Quack grass and crop forage dry weight yields, 
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and crop seed yields were taken from 0.85 m@ quadrats. Quack grass 
rhizome determinations were made from 0.63 m¢ quadrats 15 cm deep. 
3. Crop competition with quack grass with and without glyphosate 
application. 
a... Crop competition with quack grass with and without 
glyphosate application in 1972 


Crop competition with quack grass with and without glyphosate 
treatment before spring cultivation and seeding was tested in 1972 on 
two Edmonton area farms. One experiment, on a farm southeast of 
Edmonton (a-1 Ritchie farm), consisted of unreplicated paired plots 
(because of infested area limitation) on a sandy loam soil. The 
second experiment, on a farm west of Edmonton (a-2 Saramaga farm), 
consisted of triplicate randomized blocks on a peaty clay loam soil. 
Both farms had heavy continuous infestations of quack grass on grain 
crop land that had been summerfallowed two years previously. Quack 
grass populations were 1500 shoots per me with 400 gm dry weight 
rhizomes per me, 15 cm deep. Plots 2 x 3 cm were set out with 61 cm 
continually rototilled borders to prevent quackgrass invasion. On 
May 19 (a-1) and May 20 (a-2) when the quack grass was 12-15 cm tall, 
4-6 leaf stage, some plots were rototilled about 13 cm deep and others 
were sprayed with 2.8 kg/ha (2.5 1b/A) glyphosate in 281 1/ha (25 gal/A) 
water at 1.76 kg/sq cm (25 psi). No rain fell at either site within 
twenty-four or more hours after spraying. Ten days later, after top- 
killing was 100% in the sprayed plots, all of the plots except one of 
the sets of sprayed controls, were rototilled 13 cm deep prior to seeding. 


A garden seeder was used to seed Rodney oats (68.5 kg/ha)(1.8 bu/A), 
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Sangaste winter rye (113 kg/ha) (1.8 bu/A), Tokyo buckwheat (97 kg/ha) 
(1.8 bu/A), Gateway barley (97 kg/ha) (1.8 bu/A), and Polish rapeseed 
(14.5 kg/ha) (13 1b/A) in rows 15 cm apart. Barley was omitted from 
a-2. Fertilizer, 16-20-0, at 90 kg/ha (80 1b/A) was broadcast on all 
plots just prior to rototilling and seeding. Germination was somewhat 
irregular only in rye plots in experiment a-1 but in experiment a-2, 
was uneven in all sprayed or unsprayed plots, except oats. An abundant 
growth of annual weeds also complicated experiment a-2. Seasonal 
precipitation (May to July) amounted to 24.4 cm. Spray drift from 
neighboring farm operations during the week of July 3 affected the 
flowers of buckwheat and rapeseed in both experiments which resulted 


in only crop forage weights being taken on August 2-4 and exclusion 


of seed yields. At this time barley ad oats were at the heading stage. 


Data for crop and quack grass forage dry weights and heights were taken 


Z 


from random plot samplings of 0.85 m“ quadrats. Rhizome samples were 


2 


taken from 0.63 m° quadrats 15 cm deep. 


b. Extended reduction of quack grass by winter rye seeded 
in fall 1972 after spray treatments and seeding of 
oats in spring 1972 


This experiment was concerned with potential extension of 
reduction of quack grass in 1973 by fall (1972) seeded Frontier winter 
rye sown in plots sprayed with glyphosate and seeded to oats the 
preceding spring. A portion of the 1972 experiment concerning crop 
competition with and without glyphosate application (a-2 Saramaga farm) 
was continued, to measure the effects of both herbicide and continued 


crop competition during the season following the original treatments. 
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After harvesting the crops and control plots in August 1972, the oat 
plots that had been sprayed with 2.8 kg/ha glyphosate on May 20 and 
tilled on May 30 or tilled twice (May 20, 30) before seeding, were 
rototilled on August 24, 1972. Following rototilling, the plots were 
fertilized with 90 kg/ha, 16-20-0, granules applied to the surface 

and were seeded to Frontier winter rye at 1.25 kg/ha with a V belt disc 
seeder. Quack grass controls that had been tilled in the spring on 
dates noted above, were also tilled again and fertilized on August 24. 
Germination of rye in the fall (1972) and growth of rye in the spring 
(1973) was very good. Seasonal (1973) operations were hand weeding to 
remove a luxuriant growth of annual weeds and also periodic rototilling 
of 61 cm borders around each plot to prevent outside invasion of 

quack grass. Precipitation during the season (May through August) 
amounted to 29.5 cm. Plots were harvested during the week of August 16, 
1973 using 0.85 me quadrats for crop height, forage weights and seed 
yield as well as quack grass forage weights, shoot counts and height. 


Z 


Rhizomes were sampled from 0.63 m“ quadrats 15 cm deep. 


c. Oats and rye competition with quack grass with or without 
fall 1972 or spring 1973 glyphosate treatments 


A field experiment testing oat and winter rye competition 
with quack grass with and without fall or spring applications of 
glyphosate was started in the fall of 1972. The experiment was 
established in a peaty clay loam soil west of Edmonton (Saramaga farm). 
The area had not been cropped for a year and was solidly infested with 
about 1050 quack grass shoots per ae Plots, 2.1 x 2.1 m for each 


treatment, were laid out in triplicate randomized blocks. A 61 cm 
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border strip was left around each plot for sprays with glyphosate and 
continual cultivation during the season to prevent quack grass re- 
invasion. The schedule of operations for the experiment is summarized 
in the following table (table 10). Fall or spring spray treatments were 
2.8 kg/ha (2.5 1b/A) glyphosate in 281 1/ha (25 gal/A) water at 

1.76 kg/sq cm (25 psi). The quack grass at D1 (fall) was 15 cm regrowth 
from mowing three weeks previously and the quack grass at D3 (spring) 
was 15 cm at the 2-3 leaf stage. About 0.25 cm of rain fell about 

nine hours after the fall applications but the spring applications were 
completed under ideal conditions. All cultivations, 13 cm deep, were 
done with a plot rototiller. A 4 row V belt disc seeder was used to 
seed Frontier winter rye at 94 kg/ha (1.5 bu/A) in the fall (D2) and 
Rodney oats at 95 kg/ha (2.5 bu/A) in the spring (D4). Plots scheduled 
for final treatment in the fall received a broadcast application of 
fertilizer (16-20-0) at 90 kg/ha (80 1b/A) during the final fall 
Operation (D2), and those plots scheduled for spring treatments 

received a comparable fertilizer treatment during the final spring 
operation. During the growing season (1973) the plots were hand weeded 
several times to remove a luxuriant growth of annual weeds. Precipitation 
during the growing season (April to September) amounted to 37.8 cm. 
Plots involving treatments only in the fall of 1972 were harvested on 
August 23, and the remaining plots on September 10. Quadrats 0.85 a 
were used for data on crop forage dry weights and seed yields as well 


as quack grass forage dry weights and shoot counts. Rhizome dry 


weights were from 0.63 m? quadrats 15 cm deep. 
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d. Crop competition with quack grass with or without 
glyphosate applications in 1973 


Oats, buckwheat, rapeseed and rye competition with quack grass 
with and without spring glyphosate treatment was tested in an experiment 
on Malmo clay loam soil at Ellerslie farm in 1973. Triplicate plots 
1.5 x 3 m were laid out in an area solidly infested with quack grass 
(900 shoots m°) from rhizomes planted two years previously. Treatments 
involved spraying and cultivation before seeding the crops, cultivation 
before seeding, and unseeded controls. Sprayed plots received 2.8 kg/ha 
(2.5 1b/A) glyphosate in 281 1/ha (25 gal/A) water at 1.76 kg/sq cm 
(25 psi) May 14, when quack grass was 15-18 cm tall at 3-4 leaf stage. 
Conditions for spraying were ideal and no rain fell within twenty-four 
hours after spraying. Ten days later, when top-killing was complete, 
all plots were immediately fertilized with a surface application of 
16-20-0 at 90 kg/ha (80 1b/A) prior to raking the plot area. Rodney 
oats (91 kg/ha (2.4 bu/A), Polish rapeseed (6.7 kg/ha (6 1b/A)), Tokyo 
buckwheat (64.5 kg/ha (1.2 bu/A)), and Frontier winter rye (88 kg/ha 
(1.4 1b/A)) were then seeded in rows 15 cm apart using a four row V 
belt disc seeder. Growth on some of the quack grass plots that were 
Sprayed, cultivated and seeded to rye; cultivated and seeded to rye; and 
cultivated and left; was mowed five times during the growing season to 
Simulate pasturing. The mowing dates were June 29, July 16, July 30, 
August 13 and finally on the harvest date August 27. Quack grass forage 
was separated from rye forage and dry weiahts were summed separately for 
the final forage weight values for quack grass and rye. Seasonal 


precipitation (May through August) amounted to 29 cm. The plots were 
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weeded during the growing season to remove annual weeds. The crops 
grew well but a frost in mid-August damaged tops of buckwheat, thus 
limiting its yield to forage. All yields were taken on August 27, 
except oats which matured on September 8. Crop forage dry weight and 
seed yields, and quack grass forage dry weights and shoot counts 

were taken from 0.85 me quadrats. Quack grass rhizome dry weights 


were determined from quadrats 0.63 m, 15 cm deep. 
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B. Results, Discussion and Conclusions 
1. Glyphosate dosage experiments with or without cultivation. 
a. Effects of various dosages of glyphosate on quack grass 
with or without cultivation 

A rain shower 8-10 hours after spraying operations may have 
affected the outcome of experiment a-1 and may have contributed to 
the variability in the experiment. Shoot counts, forage and rhizome 
weights were chosen as the major criteria for analysis of the results 
in this and the following field experiments, since data for height 
measurements of both quack grass and crops, where involved, showed 
less consistent differences between treatments. The results of this 
experiment indicated substantial reductions of quack grass forage 
weights but not rhizome weights in plots sprayed at 1.12 and 2.24 
kg/ha rates of glyphosate in comparison with unsprayed controls. 
Glyphosate applied at 3.36 kg/ha reduced forage and rhizome regrowth 
to about 5-10% of that of the controls. Cultivation after sprays of 
1.12 and 2.24 kg/ha rates of glyphosate was effective in reducing 
both forage and rhizome weights to about the same level as did 3.36 
kg/ha glyphosate with or without cultivation. Many of the harvested 
rhizome samples from the glyphosate treated plots (1.12 and 2.24 kg/ha) 
had live sections interspersed between dead partially rotted sections. 
Many of the nodes in the live sections were developing a profusion 
of new shoots, somewhat similar to the symptoms of sublethal glyphosate 
injury noted in greenhouse experiments la and ld. (Figures 1 and an 

In experiment a-2 (table 11) increasing rates of glyphosate 


resulted in increasing reductions of quack grass regrowth which in all 
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cases were significantly better than the control and which left as 
little as 6% of the amount of regrowth which occurred in the cultivated 
control. Also in comparing each treatment without cultivation with 
the corresponding treatment with cultivation, the trends of the data 
indicate that cultivation did increase control of quack grass. The 
analyses, however, show significant effects of cultivation only 
between the uncultivated and cultivated control. The treatments in- 
volving glyphosate were not significantly different from each other 
but reductions of quack grass forage weight from 2.24 kg/ha treatment 
without cultivation and rhizome weight after 1.12 kg/ha spray plus 
cultivation were not significantly different from the cultivated 
control. The results therefore indicate that glyphosate applied at 
higher dosages between 2.24 and 3.36 ka/ha were most effective for 
quack grass control. This finding supports the reasonableness of 
choosing the dosage rate of 2.80 kg/ha glyphosate used for quack grass 
control in crop experiments which will be discussed in the latter part 
of the field experiments section. 

At harvest, the volume of viable rhizomes per plot was much lower 
than comparable treatments in experiment a-1. Also there were only a 
few rhizomes in plots treated with 1.12 and 2.24 kg/ha which had 
living sections along what appeared to be a dead rhizome , and there 
was no profuse shoot development as in experiment a-1. These results 
suggest that the effectiveness of glyphosate sprays in experiment a-l 


may have been reduced by the rain shower which occurred after spraying. 
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b. Effects of cultivation on quack grass before and/or 
after the application of glyphosate 


The glyphosate treatments and treatments involving only 
cultivation, significantly reduced quack grass shoot counts, and forage 
and rhizome dry weights compared to the untilled control (table 12). 
Also during the first year of this experiment the till, till, till 
treatment (tr 5) reduced shoot counts, and forage and rhizome regrowth 
comparable to glyphosate treatments. The repeated tillage (tr 5) 
induced similar reductions in forage and rhizomes but greater decreases 
in shoot counts compared with the leave, till, till treatment (tr 6). 
All glyphosate treatments, except treatment 1 (till, spray, leave) on 
the other hand, produced significantly better control than the treatment 
leave, till, till (tr 6). The results also indicated that there was 
no apparent advantage from cultivation after spraying quack grass at the 
heading stage (tr 3 vs. tr 4). However, cultivation of quack grass 
Sprayed in the vegetative stage following earlier cultivation was very 
beneficial (tr 2 vs. tr 1). 

Continued records during the second year for tillage only, treatments 
(tr 5 and 6) and the till, spray, leave (tr 1) table 13, indicate that 
their only significant difference from the uncultivated control (tr 7) 
occurred in reduction of rhizome regrowth. Cultivation, although 
reducing the weight of rhizomes per plot, may have stimulated dormant 
buds on the remaining rhizomes to produce the high shoot counts and 
forage weights existing in the plots. As is noted in the 1972 results, 
the treatments involving glyphosate applications (tr 2, 3, 4) were most 


effective in reducing quack grass regrowth of both forage and rhizomes. 


suevo? bre .atquos dootle aang 4 ringte | 
48 avail Naini es ot les | 
lit (TH LTtRE ont Jnomttaqus, 2hAT Ro voc a 
dtwoxpan amgsity bos spevo? bie ,etayon soot2 bgouney (2 13) Snsmbgand 
(2) spehits baddaga stT .admpmtsars asecoriqel2 of stdensqnen 
2namerned aatasip Jud eomostiy bas ops? nt znotiousey wet tate beoubat . 
(3 a9) dnote sand (Tet , (18s ysvseT Sit ithe) herigmen: 2dtnwon soodeat 
no (ovest ,ViNQe ei fts) ¢ thandisans sqaane .2tnentmers stecorqyly TA 
tiontsett edt Mari? Teens rotted \Jehsaltiapt= Beoubetq , baad rento end 
ctw eval 459 Sapaatbnt ote etiuetotT Galaga mame 
oft ts 2zavp Josup ontysrae yodth nottsviiiio wont spsieavbs Jnevaqqe°ar 
2089p dssup Yo notjsvittua ,1avewoH =, (0 st .ev € nd) seet2 ontbsad 
yySv 25W noltsvidius yathves pathol lo? syste avivepagew atid) ab boysige 7 
(i a) .ewS a2) fetoptensd 
zinamissrd Tho apsilit vo? veey broose odd pntywh ebrosey bountenad 
deilt Sdegtbat .f1 afdes (I vy) aveol .wevoe fie ont bad (0-bae Sons) 
(§ v9) Fortneo bapsvituony ond tint? soneret?th Josotthagte vino stadt 
ipuodiTs .nottevistin) .Atworpe snonty to nohfouber nt bovwi390- 
toaniob hetetumbte overt yom .20fq 19q zemonhty to: tphew ent gabouten 
brs 2dmuoo fontla fpf sty soubor of esmostdy antntemey add novabad” 
.2afuzey STL alt mt boson 2b 2A c2tofq oft nt onbtetxs agigfew seer? 
s2om stow (D .€ .3 f). chottsotlqge atszaigile entvioval etvemteant ont 
-2enostay bins operat dod to ddvongey 2261 Aneup-ontsubes at svigoette 9 


~ 


7 


1 oF 


59 


daap wo GT seaue gil 0} pazelodeujyxa daap wo GT seaue LW ¢g°Q WOuy SI[NSOYx» 


é 
(SG6T uedUng) ysa, abuey apdiapny 


S,ueoung bulsn Lara, %G ay. 7e JUdUaJJLP AL JuRdLJLUBLS YOU aue 4979, swes ayy Aq pamoL [Of SueaW, 


Sa “a a a SS Ck ek ee ee 


Jee | 3:2 De CC vAea] Keads dAed] S 
9 2 9 9 82 igh Aeuds LLL 2 
ys 9 f 9 0g LEE Keds aAea] 7 
9q 1g 94 Ov 9 gsI aAeay Aeads Piel T 
2g O04 9q 6S 2 062 LLEL LLEL LLEL g 
asc q 6€T q SE8 LLEL LLEL dAPI] 9 
x€E728 xPG8P x€/TUT oAPO] JAP] ARO] l 

ee a ee ce ee ee ee Oe eee 

eaue w/6 Paue 5w/b eave sw vad {2 oune GI aune g AeW (6 2L4e1) 
#¥*C é ¢ aqui 

7M Aup zUNOD 3OOUS eq 20 Id doquinu 
ym Aup 36 e404 qJuawzedA | 
awOZLYY 
UdW} edu | 


eee SSS US SU SS gS ene 


*(suolzeoLidau ¢ Jo sueay) 


“2L6T UL UoLzedL[dde azesoyds,6 uazse uo/pue auojaq sseubh yenb uo UOLZEALI[LND JO SZOIJJF "ZT atqey 


| 2 oe oe a @ od Bee 


e*naanud pnts fave! 22 _ ta tnavetith tll fen ons Vetis! omne ont a bawoffot oan 
{Baer naowtd) tesT sped stqtt hw 


qed mo cl 28975 Sno 6t betslonmidxe gsab mo ci ese 35 €a.0 mort 23 {wees 


60 


daap wo GT seaue _wW 032 pazelodeujyxa daap wo GT seaue zu €9°Q WOU SPINSAYyyxy 


Y4 
GT Oe JURILFLUDLS yy 
%G pe JuesLsLUuBLsy 


(SS6T ueoung) 
789] abuey apdiy_tny s,ueoung Bbutsn quauasyip ApzueoLsLuBL_s you sue uazya, awes au. Ag pamo,,O, sueay 


Dez 9 Gt 9 tl aAP2] Keuds aAea] € 
p ve 9 OP 94 SLT LLbL Aeuds LLbL 4 
po 19 oq 89 9q SOE LL$L Aeads area] 7 
20 Lbt qeot2 qeccs oAe9] Aeads LLEL T 
2q Ltt eGle BTSL LEE LLEl LLL S 
q 861 e90€ e798 LLL LLEL dARd] 9 
xP 619 x¥P V6 xPQT6 dAP9] oARd7] dARO] i 
eaue xxxgu/b eaue 34/6 Pave ow dad iz aune GI eune g AW (6 219°) 
aM Aup zunod 7OOUS q 
3 Aup 3604 €q cd Td quauyeady 
QWwoZLUy 
JUsWZeI | 


*(SUOLZeIL{ dau ¢€ JO SURaW) ‘aqzesoudA[H Jo uOLZedL{dde uazye uo/pue auoyaq sseub 


yoenb JO UOLZRALZLND BULALOAUL JUaWzZeauz uaqyse weak auo *E/6T UL sseub yoenb uo s$z99Js49 “ET aLqey 


Pest sgneh siqt3TuM e'nsonud pateu Inova tib vFansottingte2 Jom si¥5 783990 omsz Sd3-yd bs 


$1 28 Jnsottingte** 


qseb m> 21 essts Sy of befsTogeiixe qaeb mo @f aneis “m £0.0 mon? 2sTuaanee* 


Moreover, the carry-over effects in 1973 indicated that cultivation 
after spraying at heading time (tr (4) leave, spray, till) in fact 
reduced the effectiveness of glyphosate compared to no cultivation 
before or after spraying at heading time (treatment (3) leave, spray, 
leave). The latter procedure was as effective as the treatment (2) 
till, spray, till. The end result of tr 3 (leave, spray, leave) 
was an approximately 80% reduction in shoot counts, 84% reduction 
in shoot counts, 84% reduction in forage weight and over 90% 
reduction in rhizomes compared with tr 5 involving three tillage 
operations. 

c. Influence on quack grass of various periods of delay 

before removing top growth after glyphosate application 


The results for shoot counts (figure 5) and forage weights 
(figure 6) indicate that there were no appreciable decreases in quack 
grass regrowth following delays in mowings longer than two days after 
spraying 2.8 kg/ha or 1.68 kg/ha glyphosate. Figure 7 illustrates the 
limited quack grass regrowth fifty days after mowing a plot one day 
after 2.80 kg/ha spray application. Figure 8 shows the corresponding 
mowed unsprayed control. Translocation of lethal quantities of 
glyphosate from sprayed top growth to rhizomes apparently was more 
rapid at the higher rate of glyphosate but after two days the results 
of the two rates were comparable and highly effective. If similar 
results can be achieved from spraying of vegetative quack grass early 
in the spring, followed by only a short delay before cultivation and 
seeding of a crop, this would, of course, be a distinct advantage in 


maximizing the use of the growing season. 
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UNSPRAYED CONTROL SHOOTS/2.84 SQ.M AREA 
MOWED DAY 1 - 4050 
MOWED DAY 11 - 3847 

——o0-—— 1.68 KG/HA GLYPHOSATE 

= =x——— 2.80KG/HA GLYPHOSATE 


DAYS BETWEEN SPRAYING & MOWING 
(DATA 67 DAYS AFTER SPRAYING) ; 


Effects on shoot regrowth of quack grass after foliage 
sprays with glyphosate and mowing at different times 
after spraying. From day 2 onward there were no 


significant differences at the 1% level (Duncan 1955). 
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UNSPRAYED CONTROL FORAGE G/2.84 SQ. M AREA 
MOWED DAY 1 - 2220 


MOWED DAY 11 - 1990 
Om 1.68 KG/HA GLYPHOSATE 
mommenXmwmmn= 2.80KG/HA GLYPHOSATE 


DAYS BETWEEN SPRAYING & MOWING 
( DATA 67 DAYS AFTER SPRAYING) 


Effects on fresh weight of forage regrowth of quack 
grass after foliage sprays with glyphosate and 
mowing at different times after spraying. (Means of 
2 replications). Only the weight at day 1 for 1.68 
kg/ha is significantly different from the remaining 


treatments at the 1% level (Duncan 1955). 
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Figure 7. 
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Virtual absence of regrowth 50 days after spraying 
2.80 kg/ha glyphosate on quack grass at heading stage, 


mowed one day after spraying. 
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Extensive regrowth in control plot 49 days after mowing 
unsprayed quack grass at the heading stage. (For 
comparison with the glyphosate sprayed area in fig 7, 


mowed one day after spraying). 
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2. Quack grass seedling competition with oats, rapeseed, 
buckwheat and winter rye.. 

Development from its seeds began very slowly but by harvest, 
ninety days later, quack grass had produced a vigorous growth of 
forage (76 cm high) and of rhizomes, indicating its potential as a 
strong competitor. 

Of the crops grown in competition with the quack grass seedlings, 
oats, buckwheat and rye were most effective in reducing the development 
of quack grass forage,and oats and buckwheat for reducing rhizomes 
(table 14). Rhizome development has been related directly to light 
intensity for the plants (Palmer 1958; Williams 1970a). Observations 
and results of the present experiments tend to support that view since 
oats and buckwheat produced a denser canopy of growth than rapeseed 
or winter rye. 

The percentage forage yield reduction of rapeseed was affected 
less than the other crops but oats produced both a significantly 
greater quantity of forage and seed (table 15). On balance then, 
oats was the most effective from the standpoint of combined crop 
productivity and competition against young quack grass. 

3. Crop competition with quack grass with and without glyphosate 
application 

a. Crop competition with quack grass with and without 


glyphosate application in 1972 
The results of experiment a-2 (table 16) indicate that all of 


the treatments involving glyphosate sprays with or without cropping and 


those treatments involving cultivation and cropping, significantly 
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reduced quack grass regrowth compared with the treatment involving 
cultivation only (tr 7). Treatments in which glyphosate was used, 
Significantly reduced shoot counts and forage dry weights compared 

with the treatments which did not involve glyphosate. On the other 
hand, rhizome reductions in plots cultivated twice and seeded to oats 
(tr 5) were comparable to those of spray treatments. Moreover, the 
treatment cultivated twice and seeded to rye reduced rhizome regrowth 
comparable to that of the spray treatment that was left without 
cultivation (tr 4). Although the two glyphosate treatments that did 
not involve cropping (tr 3, 4) produced results that were not signifi- 
cantly different from spraying followed by cropping (tr 1, 2), there 
was an evident tendency for less quack grass regrowth on latter plots. 
Quack grass regrowth in plots cultivated and sown to crops (tr 5 and 6), 
although, in general, more abundant than in sprayed plots, was never- 
theless, significantly less than after a similar treatment without a 
crop (tr 7). These results indicate the potential of oats and rye as 
important factors in reducing quack grass regrowth in sprayed or 
cultivated areas. On cultivated unsprayed areas they reduced quack 
grass forage weight by about 47% and rhizome weight by about 60% 
compared with the weights from corresponding areas not cropped. 

Although oats and rye, in this experiment (a-2), were apparently equally 
effective in reducing quack grass regrowth, oats produced more than four 
times more forage in both sprayed and unsprayed plots (tr 1 and 5) 

than spring seeded winter rye grown in comparable treatments (tye2 

and 6). The results of experiment a-1 were similar to the results 


already discussed for experiment a-2 (a-1 results were not put in a 
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table since the experiment consisted of unreplicated plots.) In 
addition, however, since the rapeseed and buckwheat in a-2 were 
discarded because of the great variability in establishment and in 
growth, the observations and results for these crops grown in 
experiment a-1, indicated that their competitive ability exceeded that 
of oats, rye and barley. Barley was included only in experiment a-1l, 
but, judging by the limited data available, it was comparable to oats 
and rye in competitive ability. Another experiment in section d 
provides more information on the relative competitive abilities of 


Oats, rapeseed, buckwheat and rye. 


b. Extended reduction of quack grass by winter rye seeded 
in fall, 1972, after spray treatments and seeding of 
oats in spring, 1972 


Glyphosate application and cropping with oats in the spring 
of 1972 followed by post harvest seeding of rye in the fall of that 
year (tr 1, table 17) resulted in quack grass in-1973 being only 7% 
of that growing in the cultivated control (tr 3). Also, regrowth of 
quack grass in 1973 after competition with winter rye, was not much 
greater than regrowth present at harvest time in the same plots 
in 1972 after spraying and seeding to oats (tr 1, table 16). The 
results of the treatment involving cultivation, seeding and harvesting 
oats before seeding winter rye in 1972 (tr 2, table 17) were, by 1973, 
not significantly different from treatment 1 which included glyphosate 
spraying before seeding oats. The crop sequence without spraying had 
quack grass shoot counts of 31% and rhizome weights of 39% of the 
corresponding figures for the cultivated control (tr 3). Forage weights 


of quack grass in this treatment, on the other hand, were not 
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significantly different from the control. In 1973 winter rye, in 
treatment 2, reduced the shoot counts but forage and rhizomes had 
increased compared to quack grass regrowth in the fall of 1972, in 
the same plots, when the oats were harvested (tr 5, table 16). 

Observations, in the fall of 1973, of plots sprayed with glyphosate 
in the spring of 1972 but not seeded (tr 3, table 16), indicated that 
quack grass had regrown profusely and was comparable to that of the 
plots which were cultivated twice in the spring of 1972 (tr 7, table 16) 
and cultivated again in the fall (tr 3, table 17) in this winter rye 
experiment. Moreover, the regrowth of quack grass in the sprayed plots, 
in this experiment, was much greater than it was in the year following 
glyphosate applications in experiment 1b (table 13, tr 2, 3, 4). Since 
both experiments, 1b and 3a, were conducted on patches of quack grass 
of similar density and in the same soil type and in close proximity 
to each other, there seems to be no definite Aoianation for the 
extent of the differences in regrowth. Differences in timing of the 
operations may, however, have had some effect in this connection. 

Rye forage production in treatment 1 (spray, cultivate, seed oats 
in spring, 1972, cultivate and seed rye in the fall, table 18) was 
significantly different than it was in treatment 2 (cultivate twice, 
seed oats in 1972, cultivate, seed rye in the fall, 1972), although 
seed production was not significantly different between treatments. 
Forage production of rye in both treatments in 1973, on the other hand, 
was greater than oat production in these same plots (tr 1,5, table 16) 
i ASW gra 


In summary, oats following glyphosate spray during the initial 
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crop year induced greater reductions in quack grass than occurred when 
oats were seeded on unsprayed, cultivated land. Although this difference 
did not persist with rye during 1973, there continued to be a very 
Significant difference with regard to retardation of reinvasion of 

quack grass in the cropped areas in contrast with the uncropped 

control. Also forage weights of rye for treatments involving glyphosate 
and cropping,and cultivation and cropping, in the spring (tr 1, 2, table 
18) were greater than the oats grown in these treatments in 1972 (tr 1 


and 5, table 16). 


c. OQats and rye competition with quack grass with or 
without fall 1972 or spring 1973 glyphosate treatments 


Treatments involving glyphosate sprays resulted in comparable 
levels of quack grass control whether cultivation or cultivation and 
seeding of crops followed spraying (table 19). However, these treatments 
were significantly more effective in reducing quack grass than those 
treatments involving cultivation with or without subsequent seeding of 
crops, with two exceptions: the treatment, cultivate fall, cultivate 
spring, seed oats (tr 7) had forage and rhizome weights but not shoot 
count reductions comparable to the sprayed plots; the treatment, 
cultivate two times in spring and seed oats (tr 11) had rhizome reduc- 
tions but not shoot count or forage weight reductions comparable to 
the spray fall, cultivate fall, leave treatment (tr 2). In comparing 
treatments involving only cultivation, the treatment cultivate fall, 
cultivate spring, seed oats (tr 7), was the most effective in reducing 
quack grass regrowth. In comparison with the unseeded control, the 


crop induced an additional 67% reduction of quack grass. It was 
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Significantly better than the corresponding treatment which was not 
sown to a crop (tr 8). Also the treatments, cultivate twice in the 
spring, seed oats (tr 11), and cultivate twice in the fall, seed 

rye (tr 3), although showing no differences between the treatments, 
did give evidence of the competitive effects of these crops. They 
provided significantly better quack grass control than the respective 
control treatments which were not seeded to crops (tr 12 and 4). 

Crop forage weights and seed yields of oats and rye grown in 
plots treated with glyphosate were not significantly different from 
each other. However, they were significantly better than the crop 
yields from oats and rye sown into plots receiving only cultivation 
prior to seeding (table 20). This can be attributed to the fact, 
indicated earlier, that quack grass reductions were greatest in plots 
receiving glyphosate treatments. Apparently oats and rye, as 
managed in the experiment, were equally effective competitors against 
quack grass and their yields were about equally improved by the use 
of glyphosate spray, viz. about 50%. The associated reduction 
in quack grass forage and rhizomes was approximately 92% of the amount 


present in the crops not receiving spray in addition to cultivation. 


d. Crop competition with quack grass with or without 


glyphosate application in 1973 
Treatments 1-6 (table 21), all involving glyphosate, averaged 


about 97% control of quack grass compared to the treatment cultivate, 


leave (tr 14). These treatments produced significantly better control, 


with one exception (tr 7; cultivate, seed rye, mow five times), than 


treatments which were either without spraying or without cropping. 
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Also, treatment 6 (spray, leave), has data which, although not signifi- 
cantly different from treatments 1-5, does indicate poorer quack grass 
control than was achieved by the spray plus cropping procedure. 
Treatment 7 (rye seeded after cultivation and mowed five times to 
simulate grazing), had about 85% less quack grass than the cultivate, 
leave treatment (tr 14). As noted above, results of treatment 7 were 
not significantly inferior to the spray treatments, and with the 
exception of a comparable amount of rhizomes after treatment 10 
(cultivate, seed oats), were distinctly better for reducing quack grass 
than were the procedures involving cultivation followed by crops 
harvested once at the ene of the season (tr 10-13, table 22). Even 
repeated mowings of quack grass without a competing rye crop (tr 9, 
table 21) had some, though smaller, advantage over such crops. 

Oats (tr 2) and rapeseed (tr 3) grown in plots where quack grass 
was sprayed with glyphosate prior to seeding, produced comparable 
quantities of crop forage but oats had a significantly higher seed 
yield (table 23). Buckwheat (tr 1) sown into plots sprayed with 
glyphosate prior to seeding had forage yields comparable to those for 
rapeseed. Figure 9 shows rapeseed growing in a plot which was only 
cultivated prior to seeding and figure 10 indicates rapeseed grown 
in a plot sprayed with glyphosate prior to seeding. Crop forage 
weights from crops grown in sprayed plots in this experiment were 
comparable to crop forage yields taken from adjacent crops grown in 
weed-free plots. 

Oats grown in cultivated plots (tr 10) not only produced forage 


yields comparable to buckwheat (tr 1) and rye (tr 4 and 5) grown on 
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Figure 9. 


Extensive regrowth of quack grass after only cultivation 
prior to seeding rapeseed. Contrast with glyphosate 


sprayed area, fig 10. 
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Figure 10. 


Near absence of quack grass regrowth after glyphosate 
spray at 2.80 kg/ha prior to cultivation and seeding 


rapeseed. 


84 


atseoraylo vests dzwowpsy 2enye d>sup Yo soneads vERM 
pritisse he moidevidtus ad wahyg <A\on 08.5 49 verge 7 


sprayed land (table 23) but was affected less by quack grass competition 
(table 22) than all crops grown in plots that were not sprayed but 

only cultivated prior to seeding and which were harvested once in the 
fall. Oats grown in cultivated plots also produced significantly more 
seed than rapeseed grown on cultivated land. 

Oats, whether grown in plots sprayed or cultivated prior to 
seeding, reduced quack grass as much or more than did other crops sown 
after similar preseeding treatments. This and the fact that oat 
yields from sprayed or cultivated plots were, again, as good or better 
than other crops grown in plots with similar preseeding treatments 


Suggests that oats was the best crop competitor. 
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SUMMARY 

In greenhouse experiments, herbicidal effects of glyphosate on 
quack grass rhizomes after spraying single shoots growing from 
severed sections of the rhizome were similar to the effects of spraying 
corresponding shoots from the same total length of intact rhizome. 

This suggests that, under field conditions, tillage to break rhizomes 
prior to spraying shoot regrowth may be of no advantage for the action 
of glyphosate. 

Results from spraying glyphosate on either the end or central 
shoots of rhizomes, in greenhouse flats, showed that herbicidal action 
occurred both toward and away from the parent plant end of the rhizomes. 
Occasionally shoots along a rhizome remained living, apparently partially 
by-passed by the herbicide, while shoots more remote from the site of 
treatment died. Some similar effects occurred in the field, indicated 
by small, Tive sections of excavated rhizome between dead portions of 
the same rhizome. 

There were some toxic effects on rapeseed and buckwheat sown in 
soil sprayed with high dosages of glyphosate (4.48, 6.72, and 8.96 
kg/ha for rapeseed and 8.96 kg/ha for buckwheat) and grown in the 
growth chamber but there was no detectable evidence of any effects on 
any of the crops in areas treated with 2.8 kg/ha in the field. 

Field experiments on cropland involving cultivation fourteen 
days after spring spraying of dense quack grass stands when its top 
growth had died, indicated that a dosage between 2.24 and 3.36 kg/ha 
a.e. Of glyphosate was optimum. There was generally less improvement 


of results by increasing the rate from 2.24 to 3.36 kg/ha than from 1.12 
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to 2.24 kg/ha. In all cases, glyphosate spray at 2.48 kg/ha followed by 
cultivation was more effective for quack grass control than cultivation 
followed by cultivation at corresponding times. 

Field applications of glyphosate to quack grass in early heading 
stage after no spring cultivation, and not followed by cultivation, 
were as effective during the first summer (1972) as when cultivation 
followed such spraying. Moreover, quack grass sprayed at the same 
time, in a vegetative 2-4 leaf stage of regrowth after spring culti- 
vation, then cultivated again sixteen days after spraying, was 
controlled as effectively as it was by the foregoing procedures 
involving spraying at heading time. However, during 1973 there was 
more regrowth in the plots which had been cultivated after spraying 
at heading time in 1972 than there was in either the plots undisturbed 
after such spraying, or in the plots cultivated again after spraying at 
the vegetative stage in 1972. 

Field spraying of glyphosate on quack grass at heading stage in 
July, followed by removal of all top growth by mowing at different 
times, delayed up to fifteen days after spraying, indicated that no 
more than two days delay were necessary to permit maximum herbicidal 
effect on limitation of regrowth from the rhizomes during a period 
of more than two months after spraying. 

There was vigorous competition of seeded quack grass, in its 
seedling season, with oats, buckwheat, rapeseed and spring sown 
winter rye in the field. The crops in order of decreasing effect 
against the quack grass were oats, buckwheat, winter rye and rapeseed. 


Oats gave the highest yield of forage and seed. Treatments involving 
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glyphosate sprays on dense, established quack grass followed by cropping 
with oats, rapeseed, buckwheat and winter rye reduced quack grass about 
97% compared with cultivated uncropped controls. Spring sown crops 
planted in plots cultivated but not sprayed prior to seeding, reduced 
quack grass regrowth (forage and rhizomes) by an average of from 15 

to 60% compared to the cultivated uncropped control. However, crops 
grown in these plots suffered yield losses of between 50 and 80% 
compared to crop production in sprayed plots. Oats had the greatest 
effects on quack grass reductions and also produced the greatest crop 
yields. Rapeseed and buckwheat had somewhat less effect on quack grass 
and poorer yields than oats. Spring seeded winter rye suffered the 
greatest losses from quack grass competition and also had the least 
effect on the quack grass. However, another treatment involving 
cultivated unsprayed quack grass which was sown to winter rye in 

spring and mowed five times during the growing season to simulate 
pasturing, resulted in quack grass control comparable to some of 

the glyphosate and cropping treatments. 

Winter rye seeded in the fall immediately after harvesting oats 
grown on quack grass infested land sprayed with glyphosate in the 
previous spring, appreciably reduced recovery of quack grass during 
the following year. 

Fall seeded rye and spring seeded oats on quack grass land not 
in crop the previous summer were equally productive and nearly equally 
effective in limiting growth of quack grass. Oats may have been 
somewhat superior. Both crops produced about 50% more yield on sprayed 


plots than on unsprayed controls, and reductions in quack grass forage 
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and rhizomes were approximately 92% of the amount present in the crops 
not receiving spray in addition to cultivation. Also cultivations 
twice in the fall or twice in the spring were less effective in 
reducing quack grass than one cultivation in the fall and another 
cultivation in the spring. 

Fall treatments involving glyphosate were more effective than 
cultivation alone, but no more beneficial for quack grass control and 
crop production than corresponding spring spray treatments prior 


to seeding the crop. 
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